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I. INTRODUCTION 


Ir is over thirty years since Victor Horsley died, but time has not 
letracted from his position as the pioneer of neurosurgery, nor have 
1ewer techniques greatly diminished the importance of his contributions 
© neurophysiology. This lecture derives from knowledge gained by 
the gradual advance of neurosurgery into the interior of the brain 

movement initiated by Horsley. Consciousness is not a subject which 
ppears to have engaged his close attention, though he recognized 
the importance of the human neurosurgical experiment in solving some 
of its mysteries. 

In Horsley’s time and later consciousness was generally held to be 


a function of the cerebral cortex. Man was the most highly evolved and 


the most conscious of animals. He owed his position to the development 
f his neopallium, which differed from that of lower animals by being 
arger, by exercising a more dominant réle in such functions as vision 
ind muscular movement, and by developing association areas for the 
more efficient blending of impulses from the senses and the concentration 
f cortical activities on the process of learning.? In 1888, reiterating 
his views that will, memory, reason and emotion are products of sensori- 
notor arrangements. Hughlings Jackson said that faint states of 
onsciousness occur during slight activities limited to the highest motor 
entre, while vivid states of consciousness occur during stronger activities 
f those centres. Though never dogmatic about where these centres 
might be, Jackson did say enough to indicate that he thought they 

1From the Radcliffe Infirmary, Oxford. 

*See Campion and Elliot Smith, 1934. 
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might be “‘in the region of the anterior cerebral artery.”! Many 
neurologists came to believe that consciousness is exclusively a function 
of the cerebral cortex, and they therefore supposed that the unconscious- 
ness following head injury (concussion of the brain) is due to diffuse 
cortical damage. 

Within the last thirty years surgeons, operating under local anesthesia, 
have observed that considerable areas of cortex can be removed from 
any part of a cerebral hemisphere without loss of consciousness ; and, 
on the other hand, that mechanical interference or accidental hemorrhage 
about the brain-stem or third ventricle may induce immediate coma 
or a state like sleep, except that from it the patient cannot be roused. 
Experiments on animals under local anzsthesia have given similar 
results (Breslauer, 1916-17). In man, spontaneous local lesions of acute 
onset, such as hemorrhage, have likewise indicated that the deeper 
parts of the brain are important to consciousness. On this basis 
Reichardt (1929) and others have suggested that the basal ganglia and 
mid-brain play an important part in the maintenance of consciousness, 
and a compelling case for this view has recently been made out by 
Jefferson (1944) and by Schlesinger (1950). In Montreal, having gathered 
evidence that minor epilepsy with loss of consciousness may arise in or 
near the thalamus, Penfield and his associates have gone so far as to 
claim that the highest level of neural activity, ** the region which Herbert 
Spencer regarded as ‘the seat of consciousness’, is situated in the 
diencephalon (Penfield and Jasper, 1947). 

I propose to show that consciousness can be disturbed by lesions in 


any part of the brain-stem, and that the somatic accompaniments of 


unconsciousness tend to vary with the site of the lesion, thus carrying 
a certain localizing value as well as suggesting implications concerning 
the neural basis of the conscious state. The evidence indicates that 
unconsciousness arising from brain-stem lesions is not a single clinical 
entity: in pontine lesions unconsciousness is accompanied by respiratory, 
eardiac and other abnormalities, including hypertonus of voluntary 
muscles. and is often soon followed by death; on the other hand, at 
diencephalic level, the most usual variety of unconsciousness resembles 
sleep in its somatic manifestations, and survival for many weeks is not 
uncommon. TI shall also discuss the evidence for a mechanism in or 
near the thalamus which is capable of activating or enhancing the 
functions of the cerebral cortex and the corticothalamic pathways, 
thereby influencing the state of consciousness. 
I]. DeFrINITIONS : DEGREES OF CONSCIOUSNESS 

As a neurosurgeon, my approach to the subject of consciousness is 

inevitably physiological rather than philosophical. I am_ necessarily 


I Were I to make an abrupt limit to the concomitance of psychical with nervous 
states, I should place the lower limit at the lower motor (Hitzig and Ferrier) and 


lower sensory (Ferrier’s) centres.’”’ (Jackson, 1932, II, 15. 
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concerned with coma and other disturbances of the conscious state and 
but little with conscious experience, or what William James called 
‘the stream of thought.” I accept as a working basis Cobb’s definition 
1948) of consciousness as “an awareness of environment and of self.” 
[f there is little or no awareness, the patient has some degree of un- 
consciousness, and our problem is how to estimate awareness. The 
normal man can indicate by speech and other movements what he is 
vware of. But in lower animals, infants, and many of our patients, 
vwareness can only be judged by observing speechless behaviour in 
response to various stimuli. In our daily work at the bedside, we 
estimate the degree of disturbance of consciousness by the type of 
response to common afferent stimuli such as pain, passive movement, 
sound, light, and food. We make the assumption that consciousness 
runs parallel with motor behaviour: the simple spinal reflex takes 
place without awareness, whereas highly integrated motor acts which 
involve the whole body in a sustained and orderly series of movements, 
or in restraint from movement, are usually associated with some degree 
of awareness. 

If the patient recovers and regains his speech, we ask him what he 
remembers of the events of his illness, and of the periods before and 
ifter it ; and we consider that full consciousness has returned when he 
is once more continuously aware of events. Although its beginning and 
end are thus marked by the patient’s introspection, the unconsciousness 
which we are studying is, in the main, a disturbance of crude consciousness. 

The electrical potentials of the cerebral cortex may also provide 
information about crude consciousness. Although their fundamental 
nature is still a mystery, the electro-encephalographic changes between 
the waking state and pathological or natural sleep are so characteristic 
is to warrant assumptions about the state of crude consciousness or 
wakefulness of experimental animals, and this field has been profitably 
exploited by Bremer, Magoun. and others. 

Systematic watching of some patients as they emerge from coma 
shows that there are many degrees of consciousness. This can be par- 
ticularly well seen in certain patients with severe focal destruction of 
the brain from missile wounds. The residual disabilities will only slowly 
emerge as unconsciousness lessens and the patient’s reactions increase 
n range and quality. 

No. 9144. A young soldier received a severe wound of the left cerebral hemi- 
phere and cerebellum on July 16, 1944. On the second day the track of his left 
varietal wound was cleaned out down to the posterior horn of the left lateral 
entricle, and his wound healed without infection. He was examined daily by 
Dr. M. Kremer. At first he was in deep coma, and his residual deficienc ies only 
radually became apparent as his unconsciousness gradually lessened. 

July 17: Deeply unconscious and inert, but cries out if interfered with. 

July 23: Opens his eyes when called by name. 

July 26: More alert. He has right hemiparesis and aphasia. 

August 5: Can now hold short conversations. 
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August 12: Speech improving and he proves to be emotionally facile. His visual 
fields can now be tested, and he proves to have a complete right homonymous 
hemianopia. 

August 17: There is severe sensory loss in his right limbs. 

September 11: He remembers being hit, but thereafter nothing for at least 
two weeks and probably for more. 

December 16: He finds that he has difficulty in grasping the meaning of pictures. 


When this soldier was in deep coma it was impossible to determine the 
extent of his loss of function. As he began to recover consciousness, it 
was found that he was hemiparetic and aphasic. With a lessening degree 
of unconsciousness, his powers of attention were sufficient to enable his 
homonymous hemianopia and sensory loss in his right limbs to be 
demonstrated. Later, while still in hospital, he became sufficiently 


alert to discover that he had difficulty in grasping the meaning of 


pictures. To summarize, at the outset this patient was unconscious ; 
after some weeks he was fully conscious. In between, there were dimin 
ishing degrees of disturbance of consciousness. We have no words to 
describe these states which lie between coma and full consciousness, 
though the terms described by the Medical Research Council's Brain 
Injuries Committee (1941) go some way to fill this need. 

That recovery of consciousness in these cases is gradual is also 
illustrated by the following case. 


No. 10686. \ corporal, aged 25, was wounded in the right temporal region o1 
December 16, 1944. The wound was a deep one involving the inferior aspects ot 
the right temporal and frontal lobes, and he was found on recovering consciousness 
to have a left hemiplegia, severe left-sided sensory loss, and left homonymous 
hemianopia. By January 3, 1945, he was conscious and rational, but was lethargi 
and apathetic. His total amnesia from the time of wounding was about two weeks. 
On regaining consciousness he became aware of his left hemiplegia. On January 7 


he considered that his speech was perfect, though it was in fact stilted, each 





monosyllable of a sentence being pronounced separately. Specific tests of intelli- 
gence were well performed, but there was considerable impairment of general 


comprehension 


In February he complained of feelings of unreality, and he realized his difficulty 
of speech In May his feelings of unreality had diminished, and he began to see 
something of his “old self’’ returning. His sensorimotor hemiplegia and 
hemianopia were unchanged, but he was now aware of topographic disorientation. 


In this case a missile has permanently damaged the right cerebral 
hemisphere, with resultant left sensorimotor hemiplegia and homonymous 
hemianopia. The remainder of the brain recovers gradually through a 
period of months. Its exercise of recovered functions is soon accompanied 
by recovery of awareness, and gradually reveals the residual deficits of 
function to the observer and, less vividly. to the patient himself. The 
final stage consists of the patient's recovery of awareness of his * old 
self and awareness of deficiencies in his most complex sensorimotor 
functions. 

I think most neurologists would agree with Stanley Cobb (1948) that 
consciousness “is integrated at many levels like other important 
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functions of the central nervous system,” but there are so many different 
ways of interpreting a general conception of this kind that it does not 
creatly assist our enquiries. No proposition arises which we can put to 
the test in our daily work ; and I have the impression that some who would 
iecept Cobb’s statement overestimate the part which the cortex plays 
‘n maintaining consciousness, while others attribute to the brain-stem 
‘nd thalamus degrees of consciousness which are more correctly ascribed 
o the cortex. 

Hence, I must make clear what degree of ‘‘ consciousness * T consider 
; possible in the brain-stem and thalamus. The evidence. which is far 
from complete, comes from human anencephalic and hydrocephalic 
vonsters who survive long enough to develop reactions (Puech et al., 
1947: Nielsen and Sedgwick, 1949). Some of these individuals may 
survive for years, in one case of mine for twenty years. In them the 
erebral cortex is absent or has virtually disappeared, and the brain- 
tem and sometimes the thalamus remain relatively intact. From these 

ises, it appears that the human brain-stem and thalamic “ preparation ” 
sleeps and wakes; it reacts to hunger, loud sounds and crude visual 
stimuli by movements of eyes, eyelids and facial muscles ; it may see 
ind hear; it may be able to taste and smell, to reject the unpalatable 
ind accept such food as it likes ; it can itself utter crude sounds, can 
ry and smile, showing displeasure when hungry and pleasure, in a 
babvish way. when being sung to ; it may be able to perform spontaneously 
rude movements of its limbs. These findings are supported by the 
hservations of Karplus and Kreidl (1914) on decorticate monkeys. 

This is not consciousness as the psychologists regard it. By itself it 
; at best a vague rudimentary awareness, chiefly through the special 
senses and viscera, with limited range and crude quality of analysis : 
what Kleitman (1939) terms the * wakefulness of necessity ” in contra- 
distinction to the “ wakefulness of choice.” However one may regard 
+ there is in these monsters a somatic activity amounting to a kind of 
wakefulness or consciousness which takes place without participation 
the cerebral cortex. Growing babies pass through a similar state. 
(he state corresponds to a degree of nervous integration at brain-stem 
level without which the cortex could not establish its dominant réle in 
the upper levels of consciousness. 

With lesions of the brain-stem and “thalamus the disturbances of 
consciousness range from the fleeting unconsciousness of petit mal, 
through states of hypersomnia, to deep and sustained coma. There is in 
‘ll a loss of crude awareness. The fact that these disturbances arise 
from lesions in the brain-stem and thalamus can be taken only as 
indicating that there are nervous pathways in these parts of the brain 
which are essential to the maintenance of crude consciousness. When 
there is motor paralysis from a lesion within the brain-stem we do not 
claim that the highest levels of motor activity are situated within the 
brain-stem. Similarly, in these disturbances of consciousness with 
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lesions of the brain-stem there is no indication that the highest levels 
of consciousness are primarily affected, or that they wholly depend on 
neural mechanisms situated in the brain-stem and thalamus. 

No consideration of unconscious states can be regarded as complete 
which does not include the somatic accompaniments. Jackson repeatedly 
pointed out that a patient cannot lose consciousness without loss of use 
of some part of his nervous system. There is no such thing as a centre 
for consciousness divorced from nervous arrangements concerned with 
the body, no centre ** which has nothing to do but ‘play upon’ the lower 


centres (Jackson, 1932. I. 159). 


[1l. MATERIAL 

It will be useful to list the sources of evidence which are available 
to a neurosurgeon in an enquiry as to the effect of focal lesions of the 
brain upon crude consciousness. 

(a) Operative procedures which produce or relieve unconsciousness 
provide most information when general anesthesia is not employed. 
Fortunately local anesthesia is an effective and usually the safest method 
of anesthesia in intracranial surgery. In operations on the cortex or 
underlying white matter no crude changes in consciousness have been 
observed, apart from the occasional fit. The whole cortex of one 
diseased cerebral hemisphere can be removed without disturbance 
of consciousness. On the other hand, during manipulations in the region 
of the brain-stem and third ventricle rapid change into or out of coma 
is sometimes observed. Breslauer (1916-17) showed that in dogs even 
light pressure against the anterior surface of the medulla oblongata 
produced coma and respiratory arrest, followed by death. And Foerster 
(1926) found in man that digital compression of the medulla produced 
unconsciousness, stertorous breathing, bradycardia, and tonic fits. 

Not less important are the alterations in consciousness in the first 
hours and days after operation. By rapidly changing the patient’s 
condition for better or worse operation greatly enlarges the scope of 
clinical enquiry ; and the post-operative events are usually due to a 
change at the site of the pre-existing lesion rather than to rise or fall 
of pressure throughout the cranial cavity, or any other general intra- 
cranial reaction. 

Electrical stimulation of the human medulla oblongata and pons is 
probably not without danger ; at hypothalamic and thalamic levels the 
varefully graded and precise parameters of modern electronic stimulators 
an be applied with reasonable safety (White, 1940). 

(b) Head injuries —Blunt head injuries have yielded little precise 
information on the cause of unconsciousness. In most cases of uncom- 
plicated concussion coming to necropsy, either nothing is found by 
careful ‘histological examination, or the lesions are widely scattered. 
From what we know of damage to the brain at operation, it is unlikely 
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that the cortical lacerations so commonly found at the frontal and 
temporal poles after head injury are a prime factor in the production 
of unconsciousness. 

Unlike blunt head injuries, missile wounds of the brain are often 
not followed by loss of consciousness (Cairns, 1941; Russell, 1945). 
In the large series of brain wounds recorded at the Military Hospital 
for Head Injuries during the war there were, however, some remarkable 
cases of prolonged coma, but they provide disappointingly few clues as 
to the location of damage necessary to cause unconsciousness. sometimes 
because the wound track involved many pathways, and sometimes 
because the actual damage was complicated by meningitis, hemorrhage, 
or thrombosis in cerebral veins or sinuses. 

Puncture of the medulla oblongata in the course of cisternal puncture 
is occasionally, though by no means invariably, followed by immediate 
unconsciousness, as in a case reported by Reichardt (1928). 

(c) Spontaneous hemorrhage or arterial thrombosis——In this group 
also it is only the occasional case in which the hemorrhage is sufficiently 
circumscribed to be valuable for study of brain-stem function. Jefferson 
(1944) has described several cases of hemorrhage at diencephalic and 
pontine level in which there was disturbance of consciousness. With early 
diagnosis and operation, it is becoming increasingly clear that many 
cases of hemorrhage into the white matter of the cerebral hemisphere 
are not attended by loss of consciousness. Russell Brain (1951) and others 
have noted unconsciousness in association with thrombosis of the posterior 
inferior cerebellar artery. 

(d) Intrathecal injection.—Severe reactions, including coma, have 
occasionally arisen following intrathecal injection of antibiotics, as a 
result of impurities, of overdosage or, perhaps, of individual susceptibility. 
From the time the reaction takes to develop after injection into the 
lateral ventricle or lumbar spinal theca, and from the concomitant 
symptoms, such as dysarthria, hiccough, nystagmus, slowed respiration, 
it is probable that the majority of these reactions are due to irritation 
of the brain-stem. 

High spinal anzsthesia may be complicated by loss of consciousness. 
Lenggenhager (1946) describes a case in which, following the onset of 
respiratory paralysis (which was treated by artificial respiration), 
the patient became unconscious for twenty to twenty-five minutes. and 
subsequently had no memory of the operation. In another case 
described by this author, an injection of novocain into the neck went 
by mistake into the subarachnoid space, with the production of 
respiratory embarrassment and coma followed by death. 

(e) Changes in brain potentials —As they become defined, the cortical 
electrical changes of petit mal, sleep, and other disturbances of con- 
sciousness offer an increasingly useful field for exploration at operations 
on man, 








116 HUGH CAIRNS 


(f) Brain tumours constitute the best evidence, and I shall deal mainly 
with them. 

Other sources of evidence on the site of lesions associated with 
unconsciousness are not included because they are outside my experience. 
But, in passing, it may be noted that it was from study of the lesions of 
various types of encephalitis that modern views on the location of sleep 
centres first arose. 


IV. A CompartIson oF HIGH SPINAL CornD AND LOWER BRAIN-STEM 


LESIONS 


Before I consider my main material, namely, local brain-stem lesions, 
it will be convenient to compare lesions at the upper end of the spinal 
cord with those of the adjacent brain-stem. We have 9 cases of tumour 
compressing the spinal cord between C.1 and C.3 inclusive ; one was 
intramedullary, the others extramedullary. The picture was usually 
one of gradually progressive tetraplegia,, sometimes accompanied by 
respiratory embarrassment, and there was no disturbance of conscious- 
ness unassociated with asphyxia even when, as in the following case, 
the compression was acute. 


Extramedullar\ epithelial cyst compressing cervical spinal cord (C.1-C.3). A girl 
aged 19 (R.I. 2101/1938) was admitted to the Wingfield-Morris Hospital on May 24, 
1938, as a case of poliomyelitis. From May 9 she had suffered from stiffness of the 
neck, with a headache on one occasion. She continued at work as a telephonist in 
a village post-office, cycling 12 miles each day, until May 22, when she had difficulty 
in passing water which progressed to complete retention, general weakness with 
inability to stand, and numbness and tingling of her upper limbs and trunk. Her 
limbs became increasingly weak and she had pain on raising her arms, occasional 
pain in the ankles, and pain in the front of the neck. 

On admission (May 24) she was fully conscious and her general condition was 
satisfactory. She would flex her neck freely, but was unable to extend it. There 
was gross spastic weakness of all four limbs, worse on the left side, with increased 
tendon-jerks and bilateral extensor plantar reflexes. Sensibility to wool was 
intact, but pin, heat and cold were not appreciated on the neck or on the lower 
limbs below the knees. Lumbar puncture at 6.30 p.m. showed a complete block 
on jugular compression. 

On May 25 at 9 a.m. her limbs were completely paralysed except for a slight 
flicker of movement of the right toes and of the fingers of both hands. Sensibility 
was further depressed. She felt she was going to die. At 10.30 a.m. she was X-rayed. 
I saw her for the first time at 11 a.m., when she was lying on her left side, blue, 
gasping for breath, and saying that she was going to die, asking for her parents, 
and asking to be turned on her right side, as she might then breathe better. She 
was breathing only with her neck muscles. Her pulse was of good volume and 
regular at 90 per minute. Her pupils were of medium size and fixed to light. 
Within two minutes she went grey and stopped breathing. Professor Girdlestone 
and I started artificial respiration, and within one minute her colour improved 
and she said she felt stronger. Ten minutes later she was placed in a Drinker 
apparatus. Her pulse-rate was now 150-160 and there were considerable variations 
in its amplitude. She felt much stronger, and asked that her parents should not 
be sent for if it had not already been done, as she didn’t want to alarm them. 
At this stage her limbs were paralysed and spastic ; her upper limbs were semi- 
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flexed on her chest and returned to that position after they had been placed at 
her side. 

Subsequently I removed a circumscribed cyst (4-0 cm. X 2-5 cm.) from in front 
f the right side of the upper three segments of the cervical spinal cord. The cyst 
vas attached to the arachnoid and to the surface of the spinal cord ; it extended 
through the foramen magnum, and the right cerebellar tonsil was displaced slightly 
ipwards. The upper part of the spinal cord and the adjacent medulla oblongata 
vere displaced to the left, and the spinal cord was somewhat flattened, but after 
the cyst had been removed these structures rapidly resumed their normal position 
und shape. 

Che patient made a quick and complete recovery and returned to work. She 

arried in 1945 and migrated to the United States. 


In this patient there was rapid and complete paralysis of all limbs 
ind trunk, together with sensory loss. While nearly dying from 
respiratory paralysis, she remained fully conscious until the moment 
when her breathing stopped. And when, following artificial respiration, 
she was able to talk again, she had no amnesia for the period of respiratory 
embarrassment and cyanosis leading up to the period of respiratory 
failure. 

Two other patients in this group of high spinal tumours had paroxysmal 
ittacks without loss of consciousness. 

R.I. No. 3652/1939. A woman aged 65 with a long-standing extradural neuro- 
fibroma at C.1 and C.2 had been subject for three years to attacks of breathlessness 
and complete loss of power in her upper limbs, lasting five minutes and followed 
by severe pain down the right upper limb. 

R.I. No. 89568/1945. A man aged 39 with an intramedullary cystic glioma of 

3 segment was subject to frequent sudden twitching of the right upper limb. 
On one occasion there was an attack of uncontrollable jerking movements in the 
imb, which lasted five minutes and was followed by pins and needles in the right 

ind for half an hour. There was no disturbance of consciousness. This man’s 
imbs were all weak and spastic, and subject to tremors for short periods. The 
ncident described above was regarded by the patient and his wife as an attack, 
und the sequel of temporary paresthesia of the limb puts it in the class of spinal 


¢ pil -psy. 


In contrast to these cases, with tumours in the brain-stem a new mani- 
festation may be observed in the form of unconsciousness. In the follow- 
ing transitional case of a tumour of the uppermost part of the cervical 
cord extending into the medulla oblongata, the picture was mainly that 
of a high spinal tumour, but after bulbar signs appeared there was also 
one attack of coma. 


Glioma (spongioblastoma multiforme) of upper spinal cord and medulla oblongata’ 
V. W., aged 30 (No. 507), had suffered for nearly three years from symptoms of 
a high cervical spinal tumour: pain in the neck, paresthesia, then weakness of the 
left limbs. For six months, during and after a pregnancy from which she miscarried, 
she had vomited in the mornings, especially on movement, and at other times 
had had occasional slight headaches. 

Examination showed a partial tetraplegia, with wasting and slight spasticity, 
maximal in the right limbs ; gross postural loss in the right limbs, and on the left 
side relative analgesia and thermo-anesthesia from C.2 to Th.10 segmental areas. 
There were also relative analgesia of the right side of the face, paralysis and 
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diminished sensibility of the right side of the soft palate and the right vocal cord, 
weakness and wasting of the sternomastoid, trapezius and the sub-occipital muscles 
on the right side. 

On October 13, 1931 (one week after admission), when sitting up to wash she 
suddently felt faint, went grey in the face, and nearly choked. There was no 
loss of consciousness. Seen two hours later she was found to have paralysis of the 
right side of her diaphragm. Later in the day there was intense itching of the right 
side of her face. The diaphragm recovered next day. 

In the next fortnight she developed retention of urine and her respiration rate 
dropped to 14, but she was not distressed and her colour remained good. 

November 3: She became unconscious for three minutes. She looked pale and 
her breathing was a little slow, otherwise there was no change in her condition. 
No convulsive movements. 

November 6: Sitting her up caused vertigo, slowing and enfeeblement of the 
pulse, pallor, increased respiration rate, and vomiting. 

December 3: A sudden attack of vertigo, severe for three-quarters of an hour, 
then gradually passing off. 

Paralysis and sensory loss of the limbs and trunk increased and she died on 
December 22. At necropsy there was a tumour occupying both sides of the medulla 
oblongata and the upper two cervical segments of the spinal cord. Histological 
sections showed a spongioblastoma multiforme arising by anaplasia in a mainly 
pilocytic astrocytoma. 

This patient’s symptoms were mainly those of a high spinal tumour, 
but during the last nine months of illness there were symptoms indicating 
involvement of the medulla oblongata. In the last ten weeks of her life 
the patient had four attacks. In one there was temporary paralysis 
of one side of the diaphragm. In the other three the symptoms were 
bulbar, and in one of these there was unconsciousness associated with 
pallor and slowing of breathing. This attack of coma was an incon- 
spicuous part of her illness, but it was a symptom not seen at all with 
high spinal tumours which did not extend into the medulla oblongata. 


Possibly more experience might disclose some case of disturbance of 
consciousness with a high spinal lesion. With high spinal injuries there 
is occasionally some mental confusion and subsequent amnesia; but 
the difficulty of accepting these cases for our present purpose is the head 
injury usually associated with them. 


V. CLASSIFICATION OF LESIONS 


I shall divide my material into two groups : (1) lesions of the pons and 
medulla oblongata, or lower brain-stem lesions ; and (2) lesions of the 
mid-brain, thalamus, hypothalamus, and third ventricle. 

There are a few lesions which belong to both groups. The lower brain- 
stem is separated from more rostral parts on its dorsal aspect by the 
tentorium cerebelli, which to some extent protects the lower brain-stem 
from pressure from above. On the ventral aspect there is no adjacent 
partition : the pons and the floor of the third ventricle are very close to 
one another and are liable to be simultaneously compressed by a ventrally 
placed tumour. Herniations of brain tissue due to raised intracranial 
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pressure may also produce simultaneous effects at different levels : for 
example. an infratentorial tumour compressing the lower brain-stem 
may displace the cerebellar vermis upwards against the mid-brain, which, 
is a result of dilatation of the lateral ventricle, is at the same time also 
compressed by downward displacement of the hippocampal gyri through 
the tentorial opening. Hence, manifestations of tumours of upper and 
lower brain-stem will not differ from one another in every case. 

The unconsciousness associated with these lesions may be intermittent 
r continuous. It is sometimes attended by convulsive phenomena, 
but more often by paralytic effects. 


VI. Lxstons or THE LOWER BRAIN-STEM 

Before a general account is given of unconsciousness from lesions of 
the lower brain-stem, it will be useful to consider a few examples and to 
attempt to estimate the validity of tumour material as evidence of 
localized dysfunction in the brain-stem. 

{cute purulent meningitis. Secondary hemorrhage around pons and medulla 
longata. R.I. No. 11795/1940. T. P., a male, aged 50, developed meningitis 
Staphylococcus auveus) secondary to labyrinthitis. After a week of headache, 
iin down the spinal column, vomiting, hiccough and slurred speech, he came 
nder my care. He had signs of meningitis and was restless and mildly confused. 
1 four days during which he received sulphonamides his condition remained 
inchanged and he responded by speech ; daily lumbar punctures yielded purulent 
erebrospinal fluid. On the fifth day at 2.40 p.m. he became drowsy, and within 
e minutes he was comatose, cyanosed, and his breathing was bubbly and ster- 
rous. His colour improved, but there was no return of consciousness, and at 

{ p.m. he stopped breathing and died. Necropsy showed that the final symptoms 
ere due to recent subarachnoid hemorrhage around the pons and medulla; 
there was also fibrino-purulent exudate of moderate intensity in the basal cisterns. 

Aneurysm of basilar artery. Attacks of subarachnoid hemorrhage... A man of 
53, previously healthy, had an attack of subarachnoid hemorrhage. This began 
vith severe pain in the head and a sensation of a wave passing over the right 
side of his head. Within one minute he had lost consciousness. His breathing 
became stertorous and his colour cyanosed. After one and three-quarter hours he 
leveloped violent convulsive movements of his limbs and became noisy. He had 
four such fits. Lumbar puncture yielded a fluid which was heavily contaminated 
ith blood ; thereafter his breathing became quiet and his colour improved. He 
ecovered consciousness after twelve hours, and there were no _ localizing 
eurological signs. 

A second similar attack occurred six weeks later, and subsequently by vertebral 
ungiography Mr. Morgan found an aneurysm at the bifurcation of the basilar 
urtery (fig. 1) and projecting slightly to the right of the middle line. Carotid 
irteriograms on each side were normal. In the intervals between the attacks 

was completely well. 

In this case also it was the subarachnoid hemorrhage in the posterior 
fossa which caused almost immediate unconsciousness. In another case 
f a large basilar aneurysm which never ruptured there were many 
symptoms due to pressure on the front of the pons, but never uncon- 


sciousness. 


\f am indebted to Mr. Frank Morgan of Melbourne for the notes of this case. 
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Fic. 1.—Tracing of angiogram showing an aneurysm of the basilar artery (Mr. Frank 
Morgan’s case). 


The following case illustrates attacks of unconsciousness with a 
tumour of the pons. 


Glioma (spongioblastoma multiforme) of pons. Attacks of unconsciousness. Case 
1091. C. B., aged 7. This boy had suffered for two months from occasional 
bouts of headache and vomiting, followed by squint and loss of use of his left hand. 
At first he was bright and intelligent between his bouts of vomiting, but then he 
became apathetic, irritable, incontinent and, at times, confused, and he vomited 
frequently. He had mild papilloedema, gross ocular palsies, severe wasting and 
hypotonia of all his limbs, and a fairly severe left hemiparesis. He appreciated 
pin in all parts of his body, but he was not co-operative enough for other sensory 
tests. 

While under observation he had frequent attacks of unconsciousness, beginning 
with wide opening of the eyes and upward movement of the eyeballs. His limbs 
became rigid in the extended position, and he remained unconscious for half an 
hour. The attacks began and ended quietly, and there were no convulsive move- 
ments. He died seven days after admission. Between the attacks he could be 
persuaded to answer questions rationally until the day before his death, when he 
became unconscious. 

At necropsy the tumour (2:3 cm. x 2-0 cm.) occupied the ventral part of the 
pons and medulla oblongata, the larger portion lying to the right of the middle line. 
It extended forwards into the leptomeninges and spread diffusely in the sub- 
arachnoid space around the front of the pons, the spinal cord and floor of the 
third ventricle. 


In some cases operative intervention has precipitated the onset of 


coma. 


Astrocytoma of pons. Cerebellar exploration. Death without recovery of con- 
sciousness forty-five hours latey. Case 2822. Mrs. S., aged 33, had fifth, sixth 
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and seventh cranial nerve palsies on the right side, the presenting symptom 
having been persistent fibrillation of the muscles of the right side of the face. There 
was also slight weakness of the right side of the palate, and of the sternomastoid 
and trapezius, and she had as well some slight long tract signs. She had suffered 
from short bouts of palpitation, but there had been no disturbance of consciousness. 
She was an alert and intelligent woman. Lumbar puncture pressure, 180 mm. 
No papilloedema. 

It was thought that this was an intramedullary tumour, but operation under 
eneral anesthesia (avertin, gas and oxygen) was undertaken to exclude tumour 
f the cerebellopontine angle. There was no obvious rise of intracranial pressure, 
und the exploration, which disclosed a yellowish bulging of the dorsal surface of 
the medulla oblongata, was carried through without loss of blood or undue trauma, 
though it was noticed that the cerebellum bruised very easily. 

During the first half of the operation her respiration rate was 35 per minute ; 
then it rose gradually to 48. At the end of the operation there was a rapid fall 


of blood pressure from 140/85 to 80/60. 


\fter operation she never regained consciousness. Her breathing remained rapid 
50) and became moist, pulse-rate 110 to 130, and blood pressure 135. There were 
restless movements of her limbs. She died forty-five hours after operation. 

Necropsy showed a diffuse astrocytoma of the pons and medulla oblongata, 
mainly on the right side, without any hemorrhage or necrosis. There was no 
hydrocephalus, and no post-operative clot except for a minimal extravasation 
between some of the cerebellar folia. 


This woman suffered from cranial nerve palsies and a few long tract 
signs, but was perfectly conscious and rational and showed no rise of 
intracranial pressure. She was subjected to a general anesthetic and 
some gentle retraction of the cerebellum. After this operation she never 
regained consciousness and died in forty-five hours. With the coma 
there was very rapid breathing which could not be accounted for by 
respiratory obstruction or by any signs in the chest. Her blood pressure 
recovered from a moderate fall during the operation, and her colour was 
fairly good until near the end. It might be said that there was a central 
respiratory failure brought on by anesthesia, by injury to the pons, 
or by post-operative cedema. But why the failure to recover consciousness ? 

We have had other cases of brain-stem tumour in which a simple 
exploratory operation has precipitated coma. This type of reaction has 
not been seen by us after operation for cerebellar tumour unless there was 
it operation severe blood loss or some other gross surgical trauma. 


Vil. Tue Vatipiry or Tumour MATERIAL AS EVIDENCE OF LOCALIZED 
DYSFUNCTION IN THE BRAIN-STEM 

As most of my material consists of brain tumours, it is necessary at 
this point to consider whether we are entitled to assume that the clinical 
events, including loss of consciousness, are due to disturbance in the 
vicinity of the tumour or at some distant part of the brain. Symptoms 
of a solitary brain tumour may be due to a variety of pathological events 
other than local damage in the neighbourhood of the tumour. For our 
present purposes it is necessary to consider only the possibility that 
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unconsciousness from brain tumour may be due, not to local damage, 
but to cerebral herniations at a distance, to hydrocephalus, or to generalized 
cerebral anoxia. The last of these will be dealt with later. 

Cerebral herniations (pressure cones) frequently produce unconscious- 
ness : notably the temporal or vermis cone through the tentorial opening 
which compresses the mid-brain ; and, to a lesser extent, the cerebellar 
tonsillar cone through the foramen magnum which compresses the 
medulla oblongata and adjacent spinal cord. From. operations on 
comatose patients there is abundant evidence that release of these brain 
herniations is often followed by return of consciousness. 

Hydrocephalus from obstruction of the cerebrospinal pathways, as in 
cerebellar or third ventricle tumour, has been regarded as producing 
coma and mental symptoms through compression of the cortex of the 
cerebral hemispheres against the brain coverings. With increasing 
obstruction to the outflow of cerebrospinal fluid (CSF) the pressure in 
the lateral ventricles rises, the ventricles become dilated, the cerebral 
convolutions are broadened and flattened, and the overlying subarachnoid 
spaces become emptied ; hence, it is argued, there is damage to the 
cerebral cortex. Physicists state, however, that the pressure of CSF 
in the ventricles is a true hydrostatic pressure which does not interfere 
with the surrounding nervous tissue, since the pressure is uniform in all 
directions (Holbourn, 1944). In the absence of an expansile skull, 
hydrocephalus damages the cerebral cortex only by causing parts of it to 
herniate from one cerebral compartment to another, for example, through 
the tentorial opening or beneath the free edge of the falx cerebri. This 
view fits the facts, namely that with most cases of hydrocephalus due to 
cerebellar tumour there is no evidence of cortical dysfunction, and no 
clouding of intellect or consciousness. With intense rise of intracranial 
pressure (ventricular pressure of 1,000 mm. CSF or more) there is often 
disturbance of consciousness, but this is probably due to tentorial or 
tonsillar herniations, or to ventral displacement and distortion of the 
brain-stem and thalamus by the expanding ventricular system (Cairns 
and Mosberg, 1951). There is in such cases no evidence of cortical 
dysfunction : no disturbance of sensory or motor functions, of vision 


or of speech of a cortical kind, appears during the development of 


the intense rise of intracranial pressure. The somatic symptoms 
of the raised pressure are those of disturbance of the brain-stem, 
embarrassed breathing, disturbed pupillary reactions, and so on. 
Hence, while we can accept the view that unconsciousness with brain- 
stem tumour may be due to cerebral herniations. as well as to local 
damage by the tumour, the evidence is against the notion that generalized 
compression (or anemia) of the cerebral cortex plays any part. 

In my cases of brain-stem tumour which produced unconsciousness 
there were some with little or no rise of intracranial pressure, and at 
necropsy no herniation of the brain. In others the factor of general rise 
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of intracranial pressure had been reduced by a preliminary deco n 
pression (usually cerebellar decompression) or by a_short-circuiting 
operation (ventriculo-cisternostomy). There still remained many brain- 
stem tumours, particularly those of the mid-brain and third ventricle, 
in which there was a general rise of intracranial pressure as well as local 
involvement of the brain-stem. However, comparison of these cases 
with cases of cerebellar tumour, in which there is local involvement of 
the vermis or lateral lobes of the cerebellum together with rise of intra- 
cranial pressure and hydrocephalus, showed a significantly higher 
ncidence of unconsciousness in the brain-stem tumours. 

In a random sample of 50 cerebellar tumours there were 3 cases in 
which before operation there was brief loss of consciousness, with 
attacks of headache and opisthotonos and extensor rigidity of the limbs. 
(There were several others which showed the same type of attack without 
loss of consciousness.) In the same series there were two other patients 
who had loss of consciousness after removal of the cerebellar tumour : 
one of these had a series of convulsions in the first two post-operative 
days which we never explained ; the other lay in stupor for the first 
eight days after removal of a huge astrocytoma of the vermis and lateral 
lobes which was extending into the posterior end of the third ventricle. 
This case might reasonably be regarded as one in which the tumour 
involved the brain-stem, but even if we do include it the incidence of 
unconsciousness in the 50 cerebellar tumours is only 1 in 10; and the 
manifestations of unconsciousness were usually mild, in spite of the fact 
that the rise of intracranial pressure was often intense. 

On the other hand, in tumours of the pons and medulla oblongata the 
incidence of unconsciousness was very much higher, even though the 
factor of raised intracranial pressure was much less: of 32 verified 
solitary lower brain-stem tumours there were, apart from agonal coma, 
21 in which consciousness was at some time lost. Even if we add to 
these cases, which were all fatal, the 37 histologically unverified lower 
brain-stem tumours which were seen during the same period, and of 
which a small number showed loss of consciousness, the incidence of 
unconsciousness is still greater than 1 in 3. 

[ conclude from this comparison that the disturbance of consciousness 
with lower brain-stem tumours can be mainly ascribed to involvement 
of the brain-stem, even when there is rise of intracranial pressure. And 
indeed it is probable that most episodes of unconsciousness in cerebellar 
tumours are due to encroachment upon the brain-stem as a result of 
pressure cones. 


1But there are occasional exceptions, tumours limited to the lateral cerebellar 
lobes which are accompanied by deep and persistent coma, and in these it would 
be difficult to ascribe the disturbance of consciousness to direct involvement of 
the brain-stem. It is not my purpose to seek to explain all loss of consciousness 
in intracranial tumours as due to involvement of the brain-stem. 
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VIII. MANIFESTATIONS OF UNCONSCIOUSNESS IN LOWER 


BRAIN-STEM LESIONS 


In some of my cases the unconsciousness was in the form of short 
intermittent attacks, usually lasting one to three minutes and rarely 
more than ten minutes. In others it was continuous and then it often 
followed operation or ventriculography. There was no definite evidence 
that the intermittent attacks were due to a discharging lesion or that 
they were not. Horsley (1886) showed that epilepsy could originate from 
bulbospinal centres, but remained doubtful whether tumours of the 
pons ever caused epilepsy. Foerster (1926), however. has observed repeated 
attacks, unilateral or bilateral, with pontine lesions, and Penfield and 
Erickson (1941) consider that the attacks may be the result of a local 
epileptic discharge or paralysing ischemia. 


The unconsciousness was always accompanied by somatic signs of 


which the commonest was an alteration of breathing : rapid breathing, 
sometimes associated with much bronchial and tracheal mucus, not due 
to aspiration of pharyngeal contents; or slow. periodic breathing ; or 
respiratory arrest. Other associations included slowing and irregularity 
of the pulse, fall of blood pressure, flushing or pallor of the face, 
opisthotonos, trismus, hypertonus of the limbs. In a few cases there was 
moderate hyperthermia ; in one deviation of the eyes. At operation in 
this state the patient sometimes showed a tendency to bleed unduly, 
without rise of blood pressure. 


Most of these signs have also been seen at one time or another in 
posterior fossa tumours without an accompanying loss of consciousness. 


The cases in which coma and these somatic signs were associated were 
usually tumours of rapid growth, or else they were tumours which were 
interfered with by surgical exploration or ventriculography. In more 
slowly growing tumours, such as diffuse hypertrophy of the pons, which 
were followed to their end, the patient often became drowsy, apathetic 
and inert, and sometimes mute, but there were no episodes of uncon- 
sciousness until the hours immediately preceding death. In these cases 
we sometimes observed attacks similar to those described above, but 
without loss of consciousness : attacks of stertorous breathing or other 
respiratory disturbance, or attacks of weakness of the legs, or of 
opisthotonos. It seems as though the change in the lower brain-stem 
which will produce unconsciousness must be a fairly abrupt one. 


The unconsciousness was usually a deep coma from which the patient 
could not be roused. With tumours of the lower brain-stem it was often 
an unfavourable sign. If coma was continuous the patient rarely survived 


more than a few days; if it was episodic death usually followed within 
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a few weeks. There are exceptions. Vincent (1936) excised a tumour 
from the back of the pons, the patient thereafter remained unconscious 
for days, but eventually survived. 


The literature on the association of unconsciousness with tumours of 
the pons is scanty. Horrax and Buckley (1930) reported a case of pontine 
tumour in which there were attacks of unconsciousness with ‘‘ opistho- 
tonic-clonic movements” of the lower limbs. In describing epileptic 
attacks associated with hemorrhage or tumour of the pons, and with 
affections of the vertebral artery, Foerster (1926) states that most of 
them are characterized by deep and sustained coma. Most writers on 
pontine tumours, however, do not mention unconsciousness as one of 
the signs. It is often terminal, or nearly so, and is not a conspicuous 
symptom midst the welter of organic neurological signs which are found 
in these cases. Apart from its prognostic significance it is of no practical 
value. Its importance is in indicating that the lower brain-stem plays 
some part in the maintenance of consciousness. The onset of coma 
is a result of operation, general anzesthesia or ventriculography, suggests 
that in some cases of pontine tumour consciousness, though apparently 
normal, is feebly maintained and easily interrupted. 


With hemorrhage into the substance of the pons (Jefferson, 1944) or 
into the fourth ventricle (Rosenfeld, 1924) deep coma has been noted. 
Reichardt (1928) reports the following case of unconsciousness from 
needle puncture of the medulla oblongata. 


Che patient had previously had six uneventful cisternal punctures. The seventh 
vas attempted with her sitting up, but only a few drops of venous blood were 
obtained. She was therefore placed recumbent on her left side, and the needle 
vas reinserted. At the moment when the needle entered the cranium the patient’s 
head gave a sudden short backward movement and she rolled backwards, with the 
result that the needle which was already deep in the cistern, if not in the medulla 
blongata, was driven about 2 or 3 cm. deeper. It was immediately withdrawn, 
and at the same moment the patient cried out, clutched at her right side with both 
hands, and was motionless, with open staring eyes. There was no response to loud 
calls. She remained thus for 10 to 15 seconds. Then her eyes began to move, and 
she leaned slowly forwards and began to rub her right leg, saying in an expression- 
ess voice, ‘‘ My leg, my leg.’”’ She remained in this position (which was strongly 
reminiscent of the retarded condition of certain epileptics immediately after an 
attack) for about 5 seconds. At this stage her pulse was slow, 55-60. Then she 
recovered her normal liveliness and said, “‘ Please repeat the puncture.’”’ Asked 
what had just been happening to her, she said, ‘‘ I felt a sudden blow (Schlag) in 
the right side, my leg feels so strange that it doesn’t belong to me any more.”’ 
Tests showed that the right leg was analgesic. In the next half-hour the feeling 
of strangeness in her leg disappeared, but a feeling of cotton-wool persisted in her 
right foot. 


[he pulse-rate, which was timed after the first five seconds, slowly rose to 62, 
64, 66, 72. About three minutes after the puncture the patient was able to leave 
the puncture room, walking unsteadily ‘‘ because the right leg feels so strange.” 
Further sensory tests were not undertaken, in order to avoid suggestion and fixation. 
Twenty minutes later the patient complained of nausea for a short time, but there 
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was no vomiting. For half an hour she lay on a sofa looking dazed, though quite 
conscious, and said, ‘‘I wish I had been quite killed.’’ Ten minutes later she 
complained of severe right-sided headache. There had been no evidence of bleeding * 
the point of the needle was not even bloody. 

When fully recovered the patient’s account was that the needle was already in 
and not painful when suddenly she felt a jab and a shock run through the whole of 
her right side. Everything went black before her eyes. It was as if she suddenly 
saw her whole life rush past her like lightning. Then she lost consciousness. Later 
she heard her name being called from a long way off, and gradually awoke. She 
had the feeling that the whole of her right side, and especially her right leg, did 
not belong to her. 


Reichardt contrasts the complete absence of any effect on consciousness 
from puncture of the frontal lobe with these effects from puncture of the 
medulla oblongata, and stresses the importance of the medulla for the 
consciousness of the individual. It should be added that puncture of 
the medulla oblongata is not invariably followed by disturbance of 
consciousness. For example, the patient of Goodhart and Savitsky 
(1933) felt the same shock in the right side of the body as Reichardt’s 
patient, but did not lose consciousness. 


At open operations under local anzsthesia, manipulation of the 
medulla oblongata or puncture of a tumour in it may produce a sudden 
sense of dying (David, Talairach and Hecaen, 1946). The patient cries 
out, “I am going to die,’ and then becomes rigidly immobile and 
unresponsive for a variable period. The sensation appears to be a 
primitive sense of death or angor animi identical with that described as 
vaso-vagal attacks by Gowers (1907), Ryle (1928) and others. In this 
condition consciousness is usually retained, but one of Gowers’ patients 
lost consciousness momentarily, while another had a curious feeling of 
‘““complete blankness *” from which she could be roused by shaking. 
The surgical cases following manipulation or puncture of the medulla 
oblongata appear to be exaggerated examples of the clinical attacks 
described by the physicians, and indicate that the symptoms are directly 


related to a bulbar lesion which seems to be primarily a disturbance of 


vital processes—breathing (the sense of suffocation experienced in the 
vaso-vagal attacks), heart beat, vascular tone, awareness of one’s own 
body and of being alive. The abrupt disturbance of these functions may 
be accompanied by a loss of consciousness which is sudden and associated 


with immobility rather than with convulsive phenomena. The loss of 


consciousness is brief ; where it is more prolonged from a lesion at this 
level recovery is unusual. David and his colleagues (1946) point out 
that the premonition of death experienced by the patients during 
operation is all too often realized. 


In high spinal anesthesia, already referred to, loss of consciousness 
may be due to spread of the procaine to the brain-stem. But there are 
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other possible causes of unconsciousness in these cases! and accurate 
neurological studies of them might be rewarding. 

Thus, there is a considerable body of evidence that disturbance of the 
medulla oblongata, as well as of the pons, can produce loss of consciousness 
which is usually sudden in onset and deep, and in many eases of grave 
prognostic significance. With this loss of consciousness there is usually 
some disturbance of breathing or circulation, and the question arises 
whether the resultant cerebral anoxia might not be the cause of coma. 
\s far as I know, metabolic studies have not yet been made, but in 
many cases the clinical evidence is fairly strong that the unconsciousness 
recedes the respiratory and circulatory symptoms?, and the same was 
true of the experiments with dogs (Breslauer, 1916-17). 

The loss of consciousness in these cases has been explained by Purdon 
Martin (1949) on the lines of Bremer’s theory that sleep is the result of 
deafferentation of the cerebral cortex (Bremer, 1937). This question will 
ye discussed in Sections XIT and XIII. 


IX. Upper BRAIN-STEM AND THALAMIC LESIONS 

[ have grouped together all the verified tumours of the mid-brain, 
pineal body, third ventricle and thalamus, for the reason that they 
frequently involve most or all of these structures. Unconsciousness in 
some form was recorded in 37 of 73 verified tumours of this group, the 
incidence being highest in suprasellar epidermoid tumours (cranio- 
»haryngiomas) of the third ventricle.1 These, it may be noted, were the 
ses in which the patients were longest under observation. 

Throughout this group, intracranial pressure was more often raised 
than in the lower brain-stem tumours ; apart from a few rapidly growing 
tumours of the thalamus and third ventricle and others in which a short- 
circuiting ventriculo-cisternostomy had eliminated the obstruction of 
cerebrospinal fluid. all cases had some rise of intracranial pressure. 

1T am indebted to Dr. Bryce Smith of the Department of Anesthetics, Oxford 
niversity, for this information on high spinal anesthesia. Apart from spread of 
rocaine to the brain-stem, possible causes of unconsciousness include the following : 
1) a tranquillity, or cessation of restlessness, which ensues after the ascending 
unesthesia and paralysis have reached the upper thoracic segmental levels, and 
vhich may prove to be associated with fall of blood pressure ; in this state the patient 
nay be more than normally sensitive to hypnotic drugs. (2) A complete obnubila- 
tion which seems to come on when the level of anaesthesia spreads to the face ; but 
the evidence on this point is conflicting, as Koster and Wolf (1930) imply that 
onsciousness was not lost in their 27 cases of acute mastoiditis operated on under 
ligh spinal anesthesia with procaine. (3) Another possibility is that unconscious 
1ess may be associated with spread of anesthetic material into the blood stream. 


*Since this lecture was delivered Jefferson and Johnson (1950). have reported 
some cases of compression of the posterior fossa by clot in which the disturbance of 


consciousness was the initial symptom, preceding the respiratory symptoms by 


some hours. 
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But, again, as in lower brain-stem tumours, the incidence of unconscious- 
ness was far higher than in cerebellar tumours; and also the somatic 
manifestations of unconsciousness were often so different from those of 
posterior fossa tumours as to leave no doubt that it was not a generalized 
rise of intracranial pressure, but rather a local lesion of the upper brain- 
stem which caused the unconsciousness. 

The main varieties of unconsciousness with upper brain-stem and 
thalamic lesions were fcoma with tonic fits or decerebrate rigidity, states 
resembling petit mal. hypersomnia, and akinetic mutism. ; It will be 
convenient to consider first the intermittent. then the continuous 


disturbance of consciousness. 


X. INTERMITTENT ATTACKS OF UNCONSCIOUSNESS 

Tonic fits.—Attacks of coma with tonic fits were observed with tumours 
of all parts of the upper brain-stem and thalamus. The fits took the 
usual form : the head was retracted, the back hyperextended, the lower 
limbs strongly extended and rigid. while the upper limbs were strongly 
extended and hyperpronated or were semi-flexed across the chest; the 
eveballs turned upwards. In one case the attack began with waving of 
both upper limbs, in another with a strange feeling in the legs. The 
attacks lasted about one minute and were sometimes accompanied by 
quickening of respiration. 

Minor epilepsy—The most common type of attack in upper brain- 
stem and thalamic lesions was a state of minor epilepsy in which the 
patient quietly went unconscious, his limbs going limp so that he would 
drop things or would fall. He would recover consciousness within a few 
minutes. Clonic convulsive movements were absent, but in some of the 
attacks feeble repetitive movements or isolated coarse movements of 
one or more parts were seen. The examples to be described indicate 
that minor epilepsy may arise from a lesion of the central grey matter 
around the third ventricle and aqueduct of Sylvius. 

Glioma of mid-brain. No. 10834. A. M., a male, aged 40. Headaches for 
eight months ; attacks of giddiness with progressive deafness for three months. 
Attacks of unconsciousness for two months. In the attacks he would go limp and 


stare in front of him. He would come around in two to three minutes and afterwards 
seemed dazed. In between the attacks he was confused and disorientated. 

On examination his main organic signs were severe papilloedema with impaired 
vision, ptosis, absence of pupillary reactions to light, impairment of upward 
movement of the eyes, severe deafness, left hemiparesis and hemi-analgesia with 
flaccidity of the limbs, and a left extensor plantar response. The patient died within 
a few days of admission to hospital, and necropsy showed a glioma within the 
mid-brain. 

Glioma (spongioblastoma multiforme) of left basal ganglia. No. 2565. T., aged 26. 
For three months this man had complained of misty vision and headache, and he 
gradually became unduly sleepy. On examination he was drowsy, incontinent, 
and showed early papilloedema, gross loss of upward, downward and convergent 
movements of eyes, right hemiparesis and relative sensory loss. 
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While he was in bed an attack was observed. He suddenly became unconscious, 
his head and eyes went to the right, and his left knee rose in the air. He appeared 
unconscious for two minutes, during which time he ceased to respond to command, 
but his corneal and pupillary reflexes were still present. There were no clonic 
movements. 

After ventriculography under general anesthesia, which showed an inoperable 
tumour, he did not recover consciousness and assumed a decerebrate posture. 
He died eight hours later. {The tumour, a glioma, occupied and expanded the 
vhole of the basal ganglia on the left side, except the anterior part of the lenticular 
1ucleus, and it extended into the adjacent internal capsule. 


These two cases are examples of minor epilepsy in tumours limited to 
the brain-stem and basal ganglia. There were other cases with similar 
attacks in which the tumour involved parts of the adjacent cerebral 


hemisphere as well as the central nuclei. 


1stvocvtoma of left thalamus, septum lucidum and left gyrus rectus. No. 983. 

Fk. B., a male, aged 49. The first symptom during his three months’ illness was 
brief attacks of unconsciousness. His workmates would find him standing in a 
lazed state, would shake him, and then he would be all right again. At home, 
vhile shaving, he dropped his brush and razor and would have fallen : within a few 
seconds he was all right again and finished shaving. Attacks like this happened 

ery three to four days. At times during the attack his right hand would tremble. 
Later he complained of headaches and giddiness, and he vomited. He became very 
lrowsy and confused. He died a few days after an unsuccessful attempt to remove 
the tumour. 

Glioma of vight basal ganglia and adjacent frontal and temporal lobes. No. 653. 
B. A., a male aged 47. An attack was witnessed while he was sitting in a chair. 
While being questioned his responses became slower, then he ceased to reply. 
Asked if he was sleepy, he nodded his head. He yawned, then his eyes opened 
wide and stared straight in front of him, with occasional bursts of nystagmus to the 
right. His pulse slowed to 60 and became irregular at the wrist. There were a few 
movements of elevation of the left shoulder. After two minutes his head inclined 
towards his left shoulder ; then his face rotated to the left, his eyes turned strongly 
to the left and remained fixed. Now there was coarse tremor of the small muscles 
of the left hand and to a less extent of the left side of the face for a few seconds. 
[hen intermittent coarse tremors appeared in the small muscles of the right hand, 
and these could be brought on by rubbing his right hand or by pin-prick to any 
part. There were also a few slow contractions of the face. 

All this time he remained sitting in the chair with his head and eyes to the left. 
His corneal reflexes were not lost, and there was slight withdrawal of his upper 
limbs in response to pin-prick. He did not respond to shouts. At intervals he 
yawned prodigiously. Both upper limbs were semi-flexed and very stiff, and could 
not be straightened. His knee-jerks were exaggerated; the left plantar reflex 
was absent, the right plantar flexor. (In between attacks there was slight spasticity 
and weakness of the left upper limb, his tendon-jerks were brisk, and his plantar 
reflexes were flexor.) 

The attack ceased after ten minutes, and as it did so his pulse-rate rose to 80. 
He knew nothing of the attack except that the soles of his feet had been pricked. 


The central feature of these attacks in cases of tumour wholly or mainly 
involving the thalamus and adjacent grey matter is quiet coma lasting 
only a few minutes or less. The patient may continue sitting or standing, 
or he may fall or drop things from his hand ; and though he is not rousable 
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his corneal reflexes remain active and his limbs withdraw feebly from a 
sustained painful stimulus. 

Apart from the arrest of the normal muscular activity of the conscious 
state, the somatic manifestations are inconspicuous. But the more often 
these attacks are witnessed the more numerous the positive phenomena 
prove to be. They include deviation of the eyes, bursts of nystagmus, a 
single coarse movement of a limb, followed by tonic posture of the 
limb or brief twitching of muscles of face or hand which may flit from 
one side to the other in a way not seen in the spread of a cortical motor 
fit; also pallor, flushing, sweating. incontinence, alteration of pulse- 
rate or blood pressure. 

These minor attacks may be followed by generalized convulsions, 
sometimes within a few minutes. 

Minor epilepsy during operations on the third ventricle.—Similar attacks 
have been seen in operations on the anterior wall of the third ventricle 
under local anzsthesia. 


Suspected pineal tumour. Third ventriculostomy, followed by minor and majo 
epilepsy. Recovery. No. 5182. J. A., a girl aged 11, had suffered for three 
months from headaches, loss of energy and powers of concentration, and un- 
steadiness in sitting and walking. Examination showed bilateral papilloedema with 
hemorrhages, sluggishness of pupillary reactions to light, loss of upward movement 
of the eyes, with skew deviation on lateral gaze, and considerable ataxia of limbs 
and trunk. Ventriculography showed great symmetrical dilatation of the lateral 
ventricles, with a filling defect of the upper posterior part of the third ventricle. 
She had never had fits. 

Under local anesthesia a right frontal flap was turned and an opening was made 
into the third ventricle through the lamina terminalis. In the early stages of the 
operation, which included tapping of the lateral ventricle, she was alert, though 
her pulse was rapid and her blood pressure low (80/30). When the lamina terminalis 
was being manipulated her pulse slowed from 160 to 90 and became irregular, her 
blood pressure rose from 70/40 to 100/50, and quite suddenly she ceased to 
respond. Soon after the lamina had been opened she began to have inconspicuous 
involuntary movements of the right limbs with turning of head and eyes to the 
right, and increase of pulse and respiratory rates ; this attack lasted less than one 
minute. During the remainder of the operation she had several similar attacks 
affecting the left limbs, with turning of the face to the left ; these were controlled 
by gas and oxygen. 

On the following day she had several attacks of unconsciousness with tonic fits. 
In these there was hyperextension of the neck and spine, rotation of her face to 
the left, flexion of the left limbs, extension of the right limbs, hyperpnoea with 
retention of a normal pink colour. These attacks could be controlled by rotation 
of the head to the right, and could be precipitated by its rotation to the left. 
Between the attacks she could be roused to speak, but on the next day she was 
mute and remained thus for six days. During that time she was drowsy, but 
making restless movements, and she would respond to commands by appropriate 
movements 

When she began to speak it was at first by monosyllables, but within a few 
days she spoke rationally and normally, though at the time of her discharge from 
hospital two weeks after operation she was still without any emotional response. 
To our surprise, this patient made a complete and lasting recovery without any 
more fits, and six years later was working as a nursery assistant. 
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The outcome in this case suggests that the causal lesion was stricture 
of the sylvian aqueduct or some other benign condition rather than a 
pineal tumour. While the anterior wall of the third ventricle was being 
manipulated the child suddenly lost consciousness, her pulse slowed and 
became irregular. After the lamina terminalis had been opened she had 
a series of fits, first on the right side and then on the left, and in the next 
twenty-four hours she had several fits with loss of consciousness and 
rotation of her face to the left. Between the attacks she could be roused 
to speak. but on the following day she became mute and remained thus 
for several days, thereafter making a complete and lasting recovery 
with no further fits. 

In four other operations of third ventriculostomy under local anzsthesia 

patients varying in age from 10 to 51 years, the patient became drowsy 
or stuporous during manipulation of the lamina terminalis. In one 

No. 5099) the patient, who had gone into a state of stupor when the 
lamina was opened, had a generalized fit one hour later. 

When the third ventricle is approached by way of the lateral ventricle 
and foramen of Monro for the removal of the colloid or craniopharyngeal 
cysts, the patient under local anesthesia may become unrousable for 
the time being. It does not appear to be necessary to press upon the 
medial nucleus of the thalamus as Penfield and Jasper have suggested 
(1947): opening the third ventricle, or emptying a cyst within it, is 
enough to bring on the stupor. The onset of stupor does not seem to be 
so abrupt as with manipulations of the anterior wall of the third ventricle, 
and we have not observed fits in such cases. In a case of probable stricture 
of the sylvian aqueduct (No. 1949) opening of the posterior part of the 
third ventricle by division of the splenium of the corpus callosum and 
the underlying tela choroidea in the sagittal plane, under local anesthesia, 
did not induce stupor or fits. 

This limited experience suggests that unconsciousness is most readily 
induced by manipulation in the anterior part of the third ventricle and 
that interference with the lamina terminalis may produce not only 
stupor and attacks resembling petit mal but also a tendency to fits of 
other kinds. There is a resemblance here to the minor epilepsy followed 
by major fits seen in some cases of tumour of the thalamus, and the facts 
suggest that a lesion in the region of the antero-medial part of the 
thalamus may produce minor epilepsy and, at the same time, a tendency 
to major epilepsy. This is not to suggest that all minor epilepsy is of 
thalamic origin. {Le Beau (1942) considers that acute disturbances of 
consciousness and epileptic crises frequently result from lesions at the 
posterior inferior part of the frontal lobe abutting on the third ventricle ] 
And attacks in most respects similar to those described above have been 
seen with tumours of the lateral portion of the frontal lobe. 

These observations support the conclusions of Penfield and his colleagues 
that petit mal may result from a lesion of the diencephalon. These views 
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were reached in the first instance by inference from electroencephalo- 
graphic studies and by direct recording from the interpeduncular space 
of a child with classic petit mal (Penfield and Erickson, 1941). Subsequent 


experimental work of the Montreal school provided further evidence of 


the importance of the thalamus in petit mal (Jasper and Fortuyn, 1947). 
Hunter and Jasper (1949) produced a reaction like petit mal in unanzsthe 
tized cats by stimulation of the intra-laminar nuclei of the thalamus; 
and simultaneously from the cortex and the thalamus they obtained a 
3-per-second spike and wave pattern similar to that of petit mal. Both 
the reaction and the spike and wave discharge outlasted the stimulus. 
These effects were obtained with low frequency stimulation. With more 


intense and rapid stimulation of the same area the petit mal type of 


reaction would be followed by a generalized convulsion. 

These important experiments on cats suggest a medial thalamic 
origin of petit mal. The sites of the essential lesions still show considerable 
variation from animal to animal, and it remains to be seen whether 
predictable disturbances of consciousness can be produced from the 
component nuclei of the thalamus, or whether the effects can be obtained, 
as the work of Hess (1949) suggests. from a more extensive area of central 
grey matter. In man localization is less defined, and all that we are 
entitled to claim at present is that some lesions in the neighbourhood 
of the third ventricle are prone to produce petit mal. 


Attacks in which loss of CONSCIOUSNESS 78 secondary. With tumours of 
the third ventricle we have also witnessed brief attacks in which 
unconsciousness did not come on at the beginning of the attack as in 
those diencephalic tumours already described. 

Chromophobe pituitary adenoma filling third ventricle. No. 7639. W. P., a male 
aged 38. This patient was blind and disorientated and subject to attacks in which 
he trembled, had difficulty in swallowing, lost control of his speech, emitting uncouth 
mumbling sounds, then lost consciousness and was incontinent of urine and feces. 
The attacks lasted five to ten minutes. During one week when these attacks were 
frequent he also had three generalized fits with loss of consciousness. Later, at 
irregular intervals, he had attacks of obstinate, aggressive or violent behaviour, 
with incontinence ; in the intervals between these attacks his behaviour was 
approximately normal, though apathetic. Subsequently he became continuously 
and profoundly demented. 


Another variety of minor attack in third ventricle tumours began with 
mutism, pallor of the face, blinking of the eyelids, and the patient went 
into a brief stupor (No. 70); also in another case (No. 6650) there were 
attacks of shivering and cyanosis followed by loss of consciousness. 


XI. PrRsIstENT UNCONSCIOUSNESS WITH LESIONS OF THE 
Mip-BRAIN, DIENCEPHALON AND THIRD VENTRICLE 


\Continuous unconsciousness with lesions of the upper brain-stem and 
thalamus takes various forms: (1) coma with decerebrate rigidity ; 
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2) hypersomnia ; (3) akinetic mutism; (4) coma with hyperthermia:7 
[he forms are distinct, but one may pass into another: for example, 
a patient with hypersomnia may pass into a state of deep coma and 
decerebrate rigidity before death. For the most part the clinical picture 
differs from that seen with lesions of the lower brain-stem, and the 
principal difference is in the length of survival : with a lower brain-stem 
lesion the comatose patient rarely survives more than a few days; but 
with a more rostral lesion he may exist in an unconscious state for months. 

Coma with decerebrate rigidity—Consciousness is almost invariably 
lost as the patient develops decerebrate rigidity. The picture, which is 
ilso seen with posterior fossa lesions, is familiar, and it is only necessary 
to illustrate its long duration with rostral lesions. 


vculoma of mid-brain and thalamus. No. 185. L. P., aged 6. This boy 
admitted to hospital in March 1929, and died five months later. One month 
re admission he became dull and drowsy and began to squint. Soon his left 
bs became weak, he vomited, complained of some headache, and was incontinent 
irine. On admission he was alert and intelligent, with a voracious appetite, and 
ved signs of a tumour of the mid-brain and right cerebral peduncle. Eleven 
s after admission he began to fabricate and talk nonsense. One month after 
is he was quadriplegic, with considerable analgesia in the limbs and trunk, totally 
mtinent, and he went into a stupor; his left limbs assumed a hemiplegic posture, 
hile the right were strongly extended. From time to time he had tonic fits, with 
scream, severe opisthotonos and tonic spasm of the hands and feet, and these 
ften followed rise of temperature. 
He remained completely unconscious until his death three and a half months 
His stupor was not deep, as he often grimaced and groaned when turned or 
hen his face was pricked with a pin, and these stimuli were apt to be followed by 


accentuation of his decerebrate posture. Necropsy showed a firm caseous 
tuberculoma (5:1 cm. 5-6 cm.) occupying the mid-brain, the whole of the right 


nd part of the left thalamus, and part of the right internal capsule and pineal 


In this case there was severe paralysis and sensory loss below the face. 
The patient was inert, and probably blind and partly deaf. Extensive 
decerebration had taken place at the mid-brain and diencephalic levels, 
and at the same time the patient had gone into a stupor which was 
never deep and which lasted for three and a half months. Kinnier Wilson 
(1920) observed similar cases and stated that ‘‘there is evidence of 
withdrawal of cortical control in the form of unconsciousness or semi- 
consciousness,’ a remark which reveals the implicit belief of the time 
that the mechanisms which are essential for consciousness reside in the 
cortex, and at the same time puts the symptom of unconsciousness 
along with the decerebrate rigidity into the category of release phenomena. 
Such evidence as we have is more in favour of the view that loss of 
consciousness is due to direct interference with neural mechanisms in 
the brain-stem which normally maintain the conscious state. 

In our case there was a profound degree of deafferentation as well as 
bodily paralysis, but many cases of decerebrate rigidity do not show 
such a picture. And there is no close correlation between the intensity 
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of the decerebrate picture and the depth of coma. Occasionally we see 
patients assume the decerebrate posture without loss of consciousness. 
In other cases an intense decerebrate state—intense extensor rigidity of 
the limbs, with frequent tonic fits and paroxysmal hyperpnoea—may be 
associated with a hyper-irritability to light or sound, as well as to other 
afferent stimuli, which would not be present if coma were deep. In 
tuberculous meningitis treated with streptomycin unconsciousness 
usually precedes the onset of decerebrate rigidity. In other words, there 
is no close correlation between decerebrate rigidity and unconsciousness : 
nor is either state dependent on deafferentation or paralysis of the limbs 
and trunk. 


Hypersomnia.—Continuous unconsciousness in upper brain-stem lesions 
usually resembles sleep, with quiet breathing, muscular relaxation, loss 
of the expression of wakefulness, and the patient snuggled down in the 
bed like a normal person asleep. Unlike the normal sleeper, he cannot be 
roused to full wakefulness for any length of time ; if he is roused he may 
fall asleep again, even while talking or eating. He is usually incontinent 
of urine and feces. From this state he may rouse spontaneously, and 
then often shows a severe degree of organic dementia, with profound 
disturbance of memorizing, sometimes combined with confabulation. 


The EEG often shows high voltage 1- to 3-a-second delta waves, and 
disappearance of the alpha rhythm. It thus resembles that of normal 
sleep. 


This state can best be studied in epidermoid tumours which arise 
below the floor of the third ventricle in the remnants of the cranio- 
pharyngeal pouch and expand upwards to fill the whole of the space 
of the third ventricle. With occasional exceptions, the position of these 
tumours is remarkably constant. They tend to block the foramina of 
Monro and to produce a general rise of intracranial pressure, but this 
can sometimes be overcome by ventriculo-cisternostomy, a palliative 
short-circuiting operation which is necessary since complete extirpation 
of the tumour is so often fatal. If ventriculo-cisternostomy is successful, 
pressure in the lateral ventricles falls to normal or subnormal ; but the 
hypersomnia often remains and is clearly due to a local lesion in the 
region of the third ventricle rather than to a general rise of intracranial 
pressure. 


When the tumour in the third ventricle is cystic, it can often be emptied 
through a frontal burr hole without any general anesthesia. The patient, 
hitherto in stupor, rouses promptly, often complaining of headache as 
the cyst is being aspirated. At the conclusion of the aspiration he is 
wakeful and alert. Sometimes there is an immediate return of normal 
intellect, but more often there is severe disturbance of memorizing, 
with sequential disorientation and confusion. With recovery from 
hypersomnia the EEG tends to return to normal, but this recovery may 
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lag some hours behind the clinical recovery (fig. 2). And, apart from this 
lag, with repeated aspirations of the cyst the correspondence between 
the mental state and the EEG is not invariable. 
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lic. 2.—EEG of a case of epidermoid cyst of the third ventricle showing 
iprovement after aspiration of the cyst. Slow waves began to appear again, 
though the clinical improvement was maintained. 
Akinetic mutism.—A variant of hypersomnia which we have termed 
ikinetic mutism is sometimes seen with craniopharyngeal cysts (Cairns, 
Oldfield, Pennybacker and Whitteridge, 1941). In one case we were 
able to make observations which indicated that the disturbance of 
j consciousness was produced by local pressure in the region of the third 


ventricle and that with it there was a severe but promptly reversible 
disturbance of the function of the cerebral cortex. 


The patient was a girl of 14 with an epidermoid cyst distending the region of 
ier third ventricle. In the fully developed state she lay inert, except that her eyes 
followed the movement of objects or could be diverted by sound. As one approached 
; ier bedside her steady gaze seemed to promise speech, but no sound could be obtained 
i from her by any form of stimulus. A painful stimulus would produce reflex with- 

drawal of the limb and, if the stimulus was maintained, slow feeble ineffective 
novements of a voluntary kind to remove the source of stimulation ; but without 
' tears, noise or other signs of pain or displeasure. She swallowed readily, but had to 
be fed ; hard food would be swallowed whole, and she would take sugar, salt or 
juinine in her mouth without any sign of pleasure or distaste. There were also 
mild signs of bilateral pyramidal tract involvement, and she was totally incontinent 
of urine and feces. 


— 


Chis patient’s third ventricle cyst was aspirated without anesthesia on several 
occasions. A needle was passed into the lateral ventricle, where the pressure of 
cerebrospinal fluid was found to be normal or nearly normal, and was then advanced 
into the region of the third ventricle. Cystic fluid in amounts of 12 to 18 c.c. was 
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removed. On one occasion 5 c.c. of air were then injected to determine the site 
and extent of the cyst, which occupied the situation of the third ventricle. 

On the first occasion, immediately the cyst was tapped the child roused and made 
the first loud sound we had heard from her, but she would not speak. However, 
within ten minutes she gave her name, age and address correctly, without any 
dysarthria, and then asked where she was. She was up and about within a week. 
She had no memory of her two weeks in hospital before the cyst was emptied. 

There was a recurrence of this state, associated with decorticate posture and 
rigidity of the limbs, and again after aspiration of the cyst she recovered from the 
mute immobile state, though not so promptly as on the first occasion. 

In this patient consciousness was disturbed : she lacked the normal 
reactions to stimuli and subsequently had a total amnesia for the period 
of akinesia and mutism. The state was not influenced by withdrawal of 
cerebrospinal fluid from the lateral ventricle, but was relieved by aspira- 
tion of the third ventricle cyst. After that she once more took an interest 
in her surroundings, talked, moved about freely, and displayed normal 
emotions. And recovery was prompt, with no intermediate stage of 
imperfect function. At one moment mute and inert, within ten minutes 
of aspiration of the cyst she spoke normally and moved her limbs with 
normal facility. The state resembled sleep in being associated with 
general muscular relaxation and in the promptness of waking when the 
cyst was emptied. It differed from sleep in that her eyes remained alert 
to normal stimuli, and in not disappearing when strong afferent stimuli 
were applied. 

EEG records while the state of akinetic mutism was present showed 
very large slow irregular delta waves (2 per second) over the whole 
scalp, with bursts of slightly faster regular sinusoidal waves. The records 
to some extent resembled those of normal sleep. After aspiration of the 
cyst the normal pattern of EEG reappeared, but, as in the case with 
hypersomnia, this improvement lagged somewhat behind the clinical 
improvement. 

Among the mechanisms which were affected by this cyst were the 
functions of speech and voluntary movement, which are in thé main 
cortical functions ; and the cortical EEG was abnormal. Relief of the 
local pressure on the diencephalon and adjacent parts promptly restored 
the normal activity of the cortex, and, soon afterwards, the normal 
pattern of the EEG. We concluded that there must be in the hypothala- 
mic-thalamic system some mechanism which can quickly activate or 
suppress a large part of the cortex. 

Experimental support for this view came from Obrador (1948) who 
found that lesions at the base of the hypothalamus in cats abolished the 
spontaneous electrical activity of the cerebral cortex. 

We have had 18 cases of cystic epidermoid tumour extending upwards 
from the sella into the third ventricle, all of them verified at operation 
or necropsy. In a few cases the cyst has also extended down in front of 
the pons or into an adjacent temporal lobe, and one also sent a prolonga- 
tion into the aqueduct of Sylvius. But for the most part the cysts have 






Oo a'r 


} 
; 
; 
| 








YIiiM 





aig 








LESIONS OF THE BRAIN-STEM AND DIENCEPHALON 137 





been remarkably constant in position, compressing or invading the 
hypothalamus, and compressing and separating, and occasionally 
invading, the medial surfaces of the thalami. It is thus rather remarkable 
that akinetic mutism has been present in only one case. 

We have seen the state of akinetic mutism in other lesions near the 
third ventricle—in tumours of the pineal body or thalamus, and after 
ventriculography or operation in cases of severe obstructive hydrocephalus 
of the lateral and third ventricles, such as stricture of the aqueduct of 
Sylvius ; and also with hemorrhage into the dorsomedial nucleus of 
each thalamus. The syndrome in these cases, however, has not been so 
well developed as in our first case of craniopharyngeal cyst. In one case 
of traumatic hemorrhage there was mutism, partial akinesia, catatonia 
and a certain amount of negativism, a state superficially resembling 
catatonic schizophrenia. Mutism has also been seen without akinesia in 
third ventricle lesions. 

The clinical states produced by craniopharyngeal tumours may be 
contrasted with those of colloid cysts of the third ventricle, in order to 
emphasize that the disturbances of consciousness depend on the situation 
of the lesion. The colloid cyst is a lesion of the upper anterior part of 
the third ventricle: almost invariably 1 to 3 cm. in diameter, it is 
attached to the choroid plexus at the foramina of Monro, which it 
eventually obstructs, with the production of hydrocephalus (Cairns and 
Mosberg, 1951). With this tumour, crude consciousness is rarely dis- 
turbed except as an agonal phenomenon during intense rise of intra- 
cranial pressure ; whereas, with craniopharyngeal tumours which, when 
they spread into the ventricle, usually fill the whole of it, hypersomnia, 
coma or akinetic mutism is common. 

Coma with hyperthermia.—Hyperthermia may supervene in the terminal 
stages of any variety of coma, but is an early and outstanding symptom 
after acute injury to the hypothalamus. Typical examples of this state 
are seen after removal of craniopharyngeal tumours from the floor of the 
third ventricle, especially when the tumour is densely adherent to the 
ventricular wall. Within a few hours, there is a rise of temperature to 
106° F. and higher ; the pulse-rate rises to 160 or even to 200 per minute, 
and the respiration rate to 40 or 60. The patient has blue, cold and dry 
extremities. He is usually unconscious and remains so until death; some- 
times in the early stages of hyperthermia there may be delirious muttering. 
Sudden small twitching movements of limbs may be seen, and occasionally 
there are generalized convulsions. In severe cases death from heart 
failure may follow within six to eight hours. 

The unconsciousness in these severe hyperthermic states seems a 
relatively inconspicuous symptom, and one which might be expected as 
the sequel of such intense hyperthermia and tachycardia. Milder degrees 
of the condition may occur without loss of consciousness ; and recovery 
from these is common. 
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XII. ANALYSIS OF THE OBSERVATIONS 


The subject of unconsciousness with organic lesions of the brain is so 
vast that in this lecture I have been able to discuss only the various lines 
of study which are open to the neurosurgeon. I have concentrated on 
lesions of the brain-stem, thalamus and hypothalamus, which are 
associated with unconsciousness, and have made no attempt to consider 
those in other parts of the brain. Lesions restricted to other parts can 
produce unconsciousness, apart from epilepsy, though with considerably 
less frequency than do brain-stem lesions ; and in some of these cases it 
is not possible to explain the loss of consciousness as due to compression 
of the brain-stem. 

Tumours form the bulk of my material, and it is now reasonably clear 
that the unconsciousness which supervenes is usually due to disturbance 


in the neighbourhood of the tumour, and not to generalized pressure of 


the brain cortex against the skull. The evidence for this view has been 
set out, and the conclusion is in keeping with the results of operations 
on the human brain under local anzsthesia. 

Consciousness can be disturbed by lesions at any level of the brain-stem 
and thalamus. When the unconsciousness is continuous, it is reasonable 
to believe that it is a paralytic effect due to local pressure, ischeemia or 
destruction by the tumour. The intermittent attacks of unconsciousness 
which occur at all levels may well be the result of a paralysis from 


temporary ischemia, or of a discharging lesion, or of a combination of 
the two. The evidence on this point has hardly got beyond the stage of 


animal experiment. In third ventricle and thalamic lesions we have 
found striking confirmation of the views of Penfield, Jasper, and their 


colleagues that petit mal may arise from lesions in the neighbourhood of 


the thalamus. 

With the disturbances of consciousness there are always somatic 
accompaniments and these, on the whole, tend to vary according to the 
level of the lesion. However, tonic fits and decerebrate or decorticate 
rigidity can arise from a lesion at any level ; and, though this disturbance 
of muscle tone may sometimes be due to compression of the mid-brain 
or medulla oblongata by cerebral herniations, in other cases it is clearly 
due to damage at the site of the neoplasm, because it comes on before 
herniations have formed. 

With lower brain-stem lesions the unconsciousness is usually accom- 
panied by respiratory, cardiac and vasomotor symptoms, as well as by 
increase of tone in the limb and trunk muscles, and these symptoms are 
often quickly fatal. There do not seem to be any characteristic EEG 
changes, but more observations are required on this point. The un- 
consciousness is usually a deep coma. It may begin before the respiratory 
embarrassment has had time to affect the local oxyyen supply, but is 
later doubtless heightened by cerebral anoxia. 
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With lesions of the upper brain-stem and thalamus the most common 
continuous disturbance of consciousness is hypersomnia. The somatic 
manifestations resemble those of normal sleep—muscular relaxation and 
slowing of respiration (without signs of anoxia). Cardiac and vasomotor 
changes may also be present, as well as other symptoms of hypothalamic 
origin. The EEG shows large slow waves resembling those of normal 
sleep. The level of unconsciousness is usually not deep. The patient may 
survive in this state for months. A variant of hypersomnia sometimes 
seen with these lesions is akinetic mutism. It is identical with hyper- 
somnia except that normal movement of the eyes is retained : the EEG 
changes appear to be identical. 

Many of the somatic signs mentioned above are occasionally seen 
without loss of consciousness ; for example, the posture of decerebrate 
rigidity, or severe respiratory embarrassment with compression of the 
lower brain-stem. 

At all levels of the brain-stem the liability to unconsciousness seems 
to be related to the rapidity with which the lesion comes on. Sudden 
hemorrhage from a basilar aneurysm, or from a branch of the basilar 
tery at operation, may produce immediate unconsciousness, whereas 
. similar amount of blood oozing slowly into the same region, as, for 
example, from a pituitary tumour with interpeduncular extension, may 
not disturb consciousness. Another remarkable example of the effect of 
the sudden lesion is that of the patient with a slowly developing astrocy- 
toma of the pons who has no disturbance of consciousness until 
manipulation of the tumour at operation, then goes into coma. 

The reversibility of the unconscious state is a matter of considerable 
interest on which more observations are required. With lower brain-stem 
lesions, recovery from unconsciousness is unusual and may be very 
gradual over days or weeks, becoming eventualiy complete. With third 
ventricle cysts, evacuation of the lesion may be immediately followed 
by return of consciousness, though the recovery is often incomplete. 
But even when there is prompt return to full consciousness with, seemingly, 
full return of cortical function, the alpha rhythm may not reappear in 
the EEG for some hours. 

The extent of the lesion in terms of neuronal damage is also probably 
an important factor at mid-brain level, and, to a lesser extent, within 
the pons. At both these levels unilateral lesions are seldom associated 
with loss of consciousness. But there is a remarkable lack of uniformity 
about the effects of identical lesions, and this is particularly noticeable 
with craniopharyngeal cysts distending the third ventricle. In some 
of these there is no disturbance of consciousness ; in others there is 
hypersomnia; in yet others dementia with confabulation; while in a few 
there is the state of akinetic mutism. 

Bremer (1937) concluded that in sleep there was a functional deafferen- 
tation of the cerebral cortex, especially a loss of cutaneous and proprio- 
ceptive stimuli, and Purdon Martin (1949) considers that unconsciousness 
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may be caused by interruption of the somatic sensory tracts in the upper 
half of the brain-stem. He has described a case of pontine hemorrhage in 
which the onset of coma coincided with the final cutting off of afferent 
impressions, including hearing, at the middle of the pons. I have gone 
through my cases from this point of view and cannot establish any such 
correlation. We have no evidence whether one part of the pons more than 
another is affected in the cases in which consciousness is disturbed. 
Sudden hemorrhage around the ventral part of the pons promptly causes 
unconsciousness, and blood clot in the fourth ventricle does the same. 
In unilateral lesions, and in tumours involving the dorsum of the pons 
by spread from the neighbouring cerebellum, consciousness is not 
infrequently retained; but unilateral surgical manipulation in this 
region may be followed by unconsciousness. 

These observations are to some extent confirmed by the experiments 
of Magoun and his colleagues (Lindsley, Bowden, and Magoun, 1949), 
who showed that the sleep electro-encephalogram of cats was produced 
by lesions of the centrally placed reticular formation at mid-brain level, 
but not by section of the laterally placed afferent pathways from the 
brain-stem to the thalamus. This finding does not indicate that afferent 
impulses play no part in the maintenance of consciousness, but rather 
that in this respect they act through a collateral pool—what Magoun and 
his colleagues call ‘‘ the brain-stem activating system ’’—instead of by 
direct play of all the different afferent systems upon the thalamus and 
cortex. 

XIII. THEORETICAL CONCLUSIONS 

Before considering what we are entitled to conclude from these 

observations, I must emphasize again that unconsciousness accompanying 


organic lesions of the brain-stem and thalamus is largely a disorder of 


crude consciousness!. We are dealing with a group of phenomena 
coma, semi-coma, hypersomnia, akinetic mutism—for which Jefferson 
suggested the term parasomnia. These are disorders of the conscious 
state, which forms the background for conscious experience, and all 
that we are entitled to conclude from our observations is that there are 
in the brain-stem and thalamus mechanisms which are essential for the 
maintenance of crude consciousness. A healthy cerebral cortex cannot 
by itself maintain the conscious state. 

There is nothing in this thesis to controvert the older view that the 
cerebral cortex is essential for the higher levels of consciousness. The 
change of view is exemplified by the fact that whereas in 1912 in his 
Textbook of Physiology Starling could write of consciousness without 
any mention of the brain-stem and thalamus, we now know that neural 
mechanisms in these structures are essential to the maintenance of 

1This statement is qualified because the disorders of memorizing encountered 
in organic dementia with lesions in the neighbourhood of the third ventricle should 
in my opinion, also be regarded as a disturbance of consciousness. 
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consciousness. The cortex, as Cobb (1948) said, ‘‘ makes possible a more 

j discriminating consciousness.” The basic state of wakefulness and 

crude awareness depends on activity at lower levels. Since Hughlings 

Jackson enunciated his views, research. remarkable in its confirmation 

of many of his predictions. has at the same time brought to light 
important new facts. 

(1) “Centres ” concerned with wakefulness and sleep have been 

discovered in the hypothalamus. Jackson himself hardly mentioned 

sleep, and the view that sleep was not localizable was widely held until 

the epidemic of encephalitis lethargica beginning in 1916-17; though, 

from studies of cases of Wernicke’s encephalopathy, Mauthner in 

1890 had already concluded that there was a centre for sleep in the 

brain-stem. 

This discovery, which has been confirmed by anima! experiments of 
Hess, Ranson and Magoun and others. introduced the idea of a disturbance 
of consciousness arising outside the cortex and associated with some 
neural mechanism outside the main streams of cortico-petal and cortico- 
fugal sensory and motor pathways. This idea has since been developed 
into that of a pace-maker mechanism maintaining (or ceasing to maintain) 
the cerebral cortex in a state of wakefulness. 


(2) Massive bilateral frontal ablations in man have been shown to 
create no disturbance of crude consciousness, but rather to disturb 
the will, initiative, foresight and inhibitory power of man. 

It is just these functions which comprise the highest development of 
the human mind and which must operate at the highest level of 
consciousness. 


(3) Modern electrophysiological and histological techniques have 
shown that there are numerous two-way connexions between the 
thalamus and most parts of the cerebral cortex (Forbes, Cobb and 

; Cattell, 1923; Morison and Dempsey, 1942). Information from the 
cortex is constantly relayed to the thalamus. Impulses from the 
} thalamus can selectively inhibit or facilitate some of the activities of 
the cortex without affecting all of them : and Adrian (1947) has shown 
that cells of the thalamus possess the property of rhythmic after- 
discharge on to the cortex. There are here also the possibilities of the 
negative and positive feed-back and the reverberating circuits of some 
electronic calculating machines, though Adrian (1951) has confirmed 

that thalamic after-discharge persists after removal of the cortex. 
Though there may be a certain amount of independence, the thalamus 
and most of the cortex seem in the main to be inseparable. Destruction 
of both frontal lobes can result in profound disturbance of will, reason 
and emotion. Destruction of the thalami can do the same thing and, in 


'No one seems to have suggested that sleep arises from a mechanism which 
subserves the highest level of neural activity. 
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addition, may be followed by the most profound loss of memorizing or 
by loss of crude consciousness. Both areas, cortex and thalamus, seem to 
be essential to the activity of Jackson’s highest level. The thalamus also 
contains part of a network of pathways extending down the brain-stem 
which is concerned with maintenance of the conscious state, and with 
other forms of behaviour.! 

A different view has been advanced by Penfield. Jackson regarded 
petit mal as a local discharging lesion of the highest nervous centres and, 
following their important discovery that petit mal could arise from 
lesions in the thalamus, Penfield and his colleagues went so far as to 
claim that the highest levels of the central nervous system were situated 
in the thalamus. 

This view might now be acceptable if the highest level of mental 
function were the conscious state. But in Jackson’s view the outcome 
of functioning of the highest (sensorimotor) levels is the exercise of will 
memory, reason and emotion. It would be absurd to expect that these 
functions could be carried on by the thalamus of a decorticate man when 
we know to what extent they are impaired by wounds of the frontal 
lobes or the operation of frontal leucotomy, and also to what extent they 


depend upon analysis of afferent impulses within the cortex. The 
hydrocephalic and anencephalic monsters show what happens in the 
decorticate individual. Furthermore, the thalamus is not the only 


source of petit mal, for this can also be produced by focal lesions limited 
to various parts of the frontal lobes, and perhaps other parts of the 
cortex. 

Although it is no longer possible to explain loss of consciousness on the 
basis of destruction of the several sensory pathways from the periphery, 
it is obvious that afferent impressions from the outside world and from 
within the body are essential for conscious experience, and interference 
with them surely must contribute something to the production of the 
unconscious state. The interference may not be only in the form of a 
cutting-off. for excessive afferent bombardment of the central nervous 
system can occasionally produce unconsciousness, as in sudden extreme 
pain or an attack of aural vertigo. 

This seeming paradox is resolved by the work of Magoun and his 
colleagues (Magoun, 1950) which points to the reticular formation as 
being the nervous mechanism essential to the maintenance of the con- 


scious or waking state. The reticular formation is a vast network of 


nerve fibres and scattered nuclei which extends from the thalamus to the 
spinal cord. It is known to draw afferent impulses from a wide range of 
sources (Monnier, 1946), and Lindsley, Schreiner, Knowles and Magoun 
(1950) suggest that “ collaterals from afferent pathways may terminate 
in the reticular activating system and exert their influence indirectly 


1Elsewhere I have described the appearance of mental symptoms in children 
caused by tumours of the pons (Cairns, 1950). 
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by modifying its activity.” If, without being in the main stream of 
} sensorimotor pathways to and from the cortex, the reticular network 
receives a portion of the impulses from all the afferent and efferent 

pathways at various levels of the brain-stem and thalamus, damage to 

it or disturbance of the normal balance of entering afferent impulses 

might result in the various types of unconscious state which we have 

observed. In this connexion it is interesting to recall the views of John 
} Fiske (1874), of Harvard, on the nature of consciousness : 

‘* Consciousness .. . implies continual discrimination, or the continual 
recognition of likeness and differences ; and the process implies a rapid 
succession of changes in the supreme ganglia. Now this rapid succession 
of changes occurs when a vast number of relations are brought together 
in a single ganglion, or group of ganglia, as in the cerebrum, in order to 
be compared with each other. Besides this, consciousness implies a 
certain lapse of time during which impressions persist ; and there is no 
such persistence in reflex action, or in the lower forms of instinct, where 
the molecular disturbance constituting a nervous impression is instantly 
drafted off along pre-established channels. Such persistence occurs 
only when a number of impressions are brought together in a single 
vanglion, where an appreciable time must elapse before they are carried 
off each along its own set of transit lines. For example, when you... 
pinch the arm of a person asleep the arm is at first withdrawn by simple 
reflex action ; the ordinary channel through the afferent nerve to the 
spinal centre and back again through the efferent nerve to the limb 
suffices to carry off all the molecular disturbance—and there is no 
consciousness of the irritation or of the resulting contraction. But if the 
pinching be frequently repeated, so that the disturbance is generated 
faster than it can thus be drafted off, the surplus is sent up through a 
centripetal fibre from the spinal ganglion to the brain ; and some dreaming 
ensues, or perhaps a fretful sound is emitted. If the impression be kept 
up long enough there is full consciousness of it and the person awakes. 
Now the rise of consciousness implied in the dreaming and waking is 
due to the persistence in the cerebrum of a molecular disturbance which 
is not at once drafted off through the proper centrifugal fibres. 

Obviously, therefore, when the number of impressions sent into the 
brain from moment to moment exceeds the number of thoroughly 
permeable channels which have been formed there, so that there is a 
brief period of tension during which occur the nutritive changes implied 
in the transmission of the disturbance through the appropriate channels, 
then there arise the phenomena of conscious intelligence.” 

In a later passage, which was considered “very imporcant”” by 
Jackson (1931, I, 375), Fiske (1884) epitomized his hypothesis : 

“There is no consciousness except when molecular disturbance is 
generated in the cerebrum and cerebellum faster than it can be drafted 
off to the lower centres. It is the surplus of molecular disturbance re- 


maining in the cerebrum and cerebellum and reflected back and forth 
Brain: 1952, 75, 109-146 
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among the cells and fibres of which these highest centres are composed 
that affords the physical condition for the manifestation of consciousness. 
Memory, emotion, reason and volition begin with this retention of a 
surplus of molecular motion in the highest centres.”’ 


When such energizing can happen without interference from the 
environment then, comments Jackson, ** we have the physical conditions 
answering to faint states of (object) consciousness.” On this view, it 
would seem that activity of a collateral sensorimotor network of neurones 
is essential as a basis for awareness of what is going on in the main stream 
of sensorimotor activity. Our evidence would favour the notion that 
such a network would be situated in the brain-stem and thalamus, and, 
perhaps, as the work of Magoun and his colleagues suggests, in the 
reticular formation. 


Damage to the thalamus and hypothalamus produces sleep-like states 
and akinetic mutism, as well as a type of dementia of which a general 
breakdown of memorizing is one of the main features. These states show 
wide clinical difference from one another, but in all of them there is 
severe disturbance of consciousness, which arises without any direct 
involvement of the cortex or of the corticospinal pathways. There is, 
however, considerable disturbance of cortical activity in all of them, as 
indicated by the alteration of the EEG. Rapid recovery from the dis- 
turbances of consciousness may follow removal of these lesions under 
local anesthesia. In these events we glimpse a mechanism somewhere in 
the region of the third ventricle (i.e. thalamus, hypothalamus, upper 
mid-brain) which activates (or fails to activate) the cortex without 
interfering with the main corticospinal pathways. Whether this 
mechanism in man is placed in the reticular formation remains to be 
shown. It seems to be concerned with wakefulness, with the conscious 
state, and with some general factor in memory which is essential for the 
various types of memorizing (verbal, topographical, melodic, tactile, and 
so on)—all of which are predominantly subserved by cortical functions. 
Wakefulness, the conscious state and a general factor for memorizing 
are what Lashley (1937) would call compatible mechanisms, and they 
may be one and the same thing: certainly conscious experience is incon- 
ceivable without memory, and is usually associated with wakefulness. 
The fact that loss of each particular function leads to such seemingly 
widely divergent effects (sleep. coma, organic dementia) may serve only 
to indicate the inadequacy of our words to describe disturbances of the 
conscious state. 

There is nothing new about much that has been discussed in this 
lecture. The importance of brain-stem mechanisms as a basis for con- 
sciousness was suggested over forty years ago by Martin Reichardt, and 
the notion has since been elaborated by him and others. But perhaps the 
observations and surgical experiments which have been made on this 
series of patients give the notions more substance than they had before, 
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link them with modern physiological experimental work, and at the same 


ime indicate the lines upon which further neurosurgical and physiological 
exploration of this fascinating but perplexing field of human behaviour 
nay be profitably undertaken in the future. 
| 
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THE RETURN OF PAIN SENSIBILITY IN FULL THICKNESS 
SKIN GRAFTS 
BY 


J. R. NAPIER! 
Department of Anatomy, St. Thomas’s Hospital Medical School) 


Tue return of sensibility to grafted skin has been investigated by a 
number of workers (Kredel and Evans, 1933: Davies. 1934: Davis and 
Kiltowski, 1934) who in general agree that recovery of sensibility advances 
from the edges of the graft towards the centre. Kredel and Evans (1933) 
und Davies (1934) believe that regenerating nerve fibres enter the graft 
independently of existing Schwann pathways ; the former authors based 
this assumption on evidence that alterations in polarity of the graft 
during transfer had no effect on the subsequent re-innervation. Davis 
and Kiltowski (1934) on the other hand noted that sensation recovered 
sooner in flaps raised in line with the innervating nerves than in those 
raised across the innervating nerves, a fact which led them to believe 
that the ingrowing nerves followed the Schwann pathways of the donor 
skin. 

The work of Hutchinson, Tough and Wyburn (1949) offers some support 
for the view that regenerating fibres grow into the graft independently 
of the existing Schwann sheaths. They conclude that with a healthy bed 
und a satisfactory graft the final sensation approximates to that of the 
surrounding skin. This conclusion suggest that the sensory nerve pattern 
is a function of the invading fibres and not of the grafted skin itself. 
Such a hypothesis is acceptable on general grounds, for the experimental 
work of Klein (1930, 1932) and Dijkstra (1934) quoted by Boeke (1940) 
and the observations of Boeke (1940) himself have amply demonstrated 
that new endings develop in denervated skin. According to Dijkstra’s 
(1934) transplantation experiments however the endings differentiated 
under the control of the graft tissues themselves and not through the 
influence of the ingrowing fibres. This conclusion is contrary to that 
reached by Kadanoff (1928) after a series of similar experiments in Cavia. 
In stressing this aspect of the morphogenesis of the end-organs Hutchinson 
et al. (1949) fail to pay due regard to the part played by the endoneurial 
framework and the Schwann cell columns of the graft in re-innervation. 
\fter denervation these elements persist unchanged except for a reduction 
in diameter of the endoneurial tubes, for periods up to twelve months 


'In receipt of a Personal Grant from the Medical Research Council during the 
eriod of this investigation. 
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(Holmes and Young, 1942 ; Glees, 1943). In this respect the findings of 
Kadanoff (1925) are interesting for on transplanting the skin of the sole 
of the foot of the rabbit into the snout which has a different plexus 
pattern he observed that the graft retained the more simple pattern of 
the donor area. 

Hutchinson ef al. (1949) state “‘ Most of the regenerating nerve fibres 
invading a graft will fail to connect with sensory end organs...” If 
end-to-end contact between the larger nerve trunks in the deep tissue of 
the graft is the only route by which the existing end-organs or terminal 
arrangements can become re-innervated, then such a view seems justified, 
but, if regeneration can occur at any point around the perimeter of the 
graft and at any depth of the graft skin, then such an assumption is 
unjustifiable and a hypothesis based on the improbability of such regenera- 
tion is invalid. 

PRESENT INVESTIGATION 

During the course of a number of routine investigations of the sensory 
state of full thickness skin grafts in patients attending for follow-up 
examination after peripheral nerve injuries, it was observed that the 
majority of the grafts had become normally re-innervated around the 
periphery while in the centre the graft showed sensibility of much poorer 
quality. Accordingly a fuller investigation was undertaken in the hope 
that a close study of this pattern might lead to an understanding of the 
mechanism of re-innervation of full thickness grafts and in turn elucidate 
the problem of return of sensibility by “‘ overlap” (Pollock, 1933) from 
the normally innervated into the denervated areas of skin after complete 
division of a peripheral nerve. 


MATERIAL AND METHODS 

Much of the value of an investigation into re-innervation of grafts 
depended on the analysis of a comparable series of cases and a strict 
selection was made to this end, with regard to age, type, site, donor area 
and nature of graft bed, ete. Thirty-one grafts are included in this series 
(Table 1). 

Age of grafts —Of the grafts 26 were between 4 and 9 years old. It was 
assumed for the purposes of this investigation that even in the case of 
the 4-vear-old grafts a state of sensory finality had been reached and that 
no further recovery of sensation was to be expected. The age of five of 
the grafts was | year or less. 

Location and type of graft.—All grafts in the series were full-thickness 
or pedicle grafts situated on the forearm. In a few cases the grafts 
extended beyond the limits of the forearm to the lower part of the arm 
or the proximal part of the hand. 


Donor area.—The anterior abdominal or thoracic wall had been used 
as the donor area in each case. 
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Size.—Dimensions of the grafts varied considerably but no graft with 
a diameter of less than 4 cm. was included. 


Graft bed.—With a very few exceptions, all grafts covered defects 


resulting from gunshot wounds and in these cases, in the absence of 


detailed information, it was assumed that the deep fascia was involved in 
the original injury. In only one case was the deep fascia known to be 
intact. 

Associated nerve injuries.—The 4-9-year-old grafts were all associated 
with nerve injuries, the remainder were not. 

Sensory testing—The grafts were tested for pain sensibility by means 
of skin penetration by sharp needles. Observations on tactile and pressure 
sensibility were made with a graded set of Merson’s nylon bristles mounted 
in angled bicycle spokes, the free portion of the bristle being 1-5 em. in 
length. The findings with regard to cutaneous tactile and pressure 
sensibility are of dubious value in view of the fact that the skin of the 


forearm was not shaved. For the purpose of determining dissociation of 


painful and tactile sensibilities. anaesthesia to the movements of hairs in 
hairy skin and anesthesia to nvlon bristles in non-hairy skin were used as 
criteria. Temperature sense was not tested. The sensory findings of the 
graft skin was mapped out with India ink and tracings of these markings 
and of the graft outline were made on cellophane and from these charts 
the measurements of the extent of the sensory recovery were determined. 

Pain sensibility.—Pain was aroused by the use of a fine sharp triangular 
cutting needle (2? in.) mounted in a plunger type of algesiometer (fig. 1). 
The plunger is made of brass and provides a constant mechanical stimulus 
when applied vertically to the skin. Pain thresholds were recorded as 
high, low and normal compared with normal skin from the opposite side 
of the abdominal wall and were elicited by using weights of different 


denominations in the barrel (5. 10 and 15 grammes). 





e) 
an —>— 





ZS —— 


Fic. 1.—Plunger type of algesiometer consisting of a fine sharp triangular 
cutting needle mounted on a brass cylinder enclosed in a length of glass tubing ; 
a, perforated disc of rubber acting as a shock absorber and silencer. When not in 
use the plunger and the needle can be reversed in the tube and safely transported. 


It was found essential to enlist the active co-operation of the patients 
in the conduct of these tests. The patients were not “ trained observers, ” 
a qualification which is of dubious value in sensory investigations (Jenkins, 
1938a), but all had had previous experience of sensory testing though not 
of the graft. It was found that if patients’ participation was limited to a 
simple affirmative response the results were frequently misleading. It 
was necessary to ask the patient to describe as accurately as possible the 
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sensation felt ; in practice this is best done by giving the patient a short 
vocabulary of simple descriptive terms to choose from but allowing him the 
freedom to reject them all in favour of a term of his own invention if 
needs be ; for when one is testing for pain sensibility for example it is 
essential to ascertain that an affirmative response on the part of the 
patient indicates that he is actually experiencing the sensation of pin- 
prick and, moreover, that the prick is a painful one. A pin-prick stimulus 
in abnormally innervated skin may arouse any one of a number of 
familiar sensations—a touch, a tickle, a push, a prick, a burning sensation 
or a sensation of cold ; or it may arouse a host of pareesthesiz. It was 
found by experience that a question-and-answer routine prevented the 
disconcerting discovery, at the end of a lengthy examination, that an area 
of skin where pin-prick can apparently be felt, far from being normal is, 
in fact, totally analgesic ; the sensation aroused being felt as tingling 
referred to the extremity of the limb. 

Reasonable precautions were taken to minimize the effect of exhaustion 
on the subjects’ ability to concentrate. Every effort was made to make 
the patient comfortable before the tests were begun and no single pro- 
cedure was pursued for more than one or two minutes at a time after 
which the patient was given a brief rest. With a series of short breaks of this 
nature it was possible to extend a sensory examination for as long as 
half an hour without any apparent loss of concentration on the part of 
the patient ; at the end of this time if the examination was incomplete 
the patient was given a longer break before testing was recommenced. 
No reliance was placed on the findings in a patient who showed any signs 
of mental irritation, exhaustion or unco-operativeness. 

TVerminology.—The use of the terms hypoalgesia and hyperalgesia has 
been avoided in this paper as it was felt that they have by no means a 
universal connotation. In the literature of cutaneous sensory investigation 
instances are found where these terms are used indiscriminately to 
describe either alterations in stimulus threshold or alterations in sub- 
jective response to a stimulus. The less equivocal terms of “ threshold ” 
und “* response” are used instead. A response to a threshold stimulus 
may be specific or non-specific. A specific response to a stimulus embodies 
one of the four customarily recognized modalities of cutaneous sensation— 
touch, pain, cold and warmth—and can, in addition, be accurately 
localized. The type of sensation aroused under normal conditions is that 
usually associated with the stimulus ; that is to say a needle prick is felt 
as a sharp pricking pain. Alterations in the neurological state of the skin 
niay, however, result in the absence of the expected response and, 
employing the same example, the needle prick may be felt as light touch 
or even a sensation of warmth ; the range of sensory experience resulting 
from any stimulus always being restricted to four commonly accepted 
modalities of cutaneous sensation. This type of specific response may be 
‘ intensified,”’ ‘‘ normal ”’ or *‘ diminished *” when compared with normal 
and comparable skin. 
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A non-specific response on the other hand is a sensation not clearly 
recognized as familiar. It takes the form of parasthesiz customarily 
described as a feeling of ** vibration,” ** tingling ” or ** pins and needles.” 
It is characterized by the phenomenon of peripheral reference and the 
absence of an accurate localization and it can be elicited by a variety of 
means, successively, without any qualitative variation in the subjective 
response. 

OBSERVATIONS AND RESULTS 

The findings in this series suggest that there are at least three 
mechanisms by which full thickness skin grafts may become re-inner- 
vated. Profound differences were observed in both the sensory pattern 
and the quality of the sensibility in the three types. 

Type |: The pattern of recovery is characteristic and consists usually 
of two distinct marginal zones. Around the perimeter of the graft there 
is an outer zone of fairly constant width where pain and touch sensibility 
have a normal or near-normal threshold; recovery may be entirely 
limited to this outer zone. In a number of cases, however, further exten- 
sion into the graft occurs and the outer zone gives way abruptly to an 
inner zone where the threshold to both pain and touch is raised. In large 
grafts this inner zone fades gradually into a zone of complete anzsthesia 
and analgesia. In narrow grafts with a maximal transverse diameter of 
5 em. or less the outer zones from opposite sides meet in the middle of 
the graft and no inner zone can be determined. The typical pattern is 
most clearly seen in large grafts or where there is a block to re-innervation 
on one or other side (figs. 24 and B). The association, in this series, of 
grafts and peripheral nerve injuries has proved to have been of value 
as a zone of anzsthesia on one or more sides of the graft considerably 
simplifies the analysis of the regeneration patterns. The presence of 
deeply adherent scars has a similar effect. 

Re-innervation by means of ingrowth around the perimeter of the 
graft occurred in 30 out of 31 cases in the series ; in 17 cases it was the 
only form of recovery present and in 14 cases it occurred in association 
with one or other of the methods of recovery discussed below. 

Marginal ingrowth proceeds from the sides and from the proximal 
border. Ingrowth from the distal border was only found in 2 cases 
(W. E. and J. T.) in which the distal end of the graft abutted on to the 
palm. Ingrowth from the proximal edge tends to be slightly greater than 
from the sides, a pattern which Weddell, Guttmann and Gutmann (1941) 
noted as occurring in the rabbit’s leg within a few days following isolated 
section of the sural nerve. 

Case J. L. (figs. 3a and B) shows a typical outer zone of pain sensibility 
of normal threshold and diminished response surrounding an inner zone 
where threshold is high. The classic horse-shoe pattern has been 
interrupted along the lower medial border of the graft as a result of a 
surgical incision made three weeks earlier for a tendon transplant 
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operation. Alongside this scar and closely corresponding to its upper 
limit there is a zone of analgesia. A similar effect was produced by an 
ntradermal injection of 2 per cent procaine opposite the upper medial 
border of the graft which resulted in a further interruption of the marginal 
sone corresponding to the upper and lower limits of the injection (figs. 
3c and pD). Opposite the site of this injection there was no alteration in 
the sensibility of the inner zone, which suggests that the intradermal 
injection had no effect on the more deeply placed fibres innervating the 
inner zone whilst blocking the most superficially placed fibres entering 
the edge of the graft. A similar experiment was made in the case of 
J. H. the results of which are shown in fig. 4. 

The outer zone of innervation is found to be strictly limited in extent 
and its width varying little from case to case. The extent of this zone 
was recorded in 20 cases and was found to be 2-17 + 0-58 em. from the 
proximal edge and 1-88 + 0-55 em. from the sides (Table II). The 
extent of the inner zone is also found to be limited and, in the 6 cases 
where this could be measured with any degree of accuracy, it was not 
found to exceed 5-5 cm. in extent from the edge of the graft. The 
irregularity of the margin between high threshold pain and analgesia 
renders this measurement little more than an approximation ; this is in 
marked contrast to the margin between the inner and outer zones which 
is always sharply defined. 


Localization of painful stimuli.—Localization of painful stimuli within 
the outer zone of the graft where threshold and response are normal or 
near-normal is generally within normal limits for abdominal skin. In 
6 cases, all of v. hich were grafts of over 4 years old, the sensation was 
localized outside the graft at the same level. This faulty localization in 
terms of direction is in striking contrast to that in the normal limb where 
errors of localization in those tested were found to be directly above or 
below the point of stimulation in the long axis of the limb (fig. 5). 


A series of experiments were carried out on 8 normal subjects to 
determine the constancy of this localization phenomenon. The subject 
was required to keep his eyes closed during the application of the stimulus 
and then, with his eyes open to indicate the site of stimulation with a 
pointer ; he was permitted a ‘second thought” if on applying the 
pointer to the skin he believed himself to be in error. The pointer was 
held in position until the spot had been marked with a dot the actual 
locus of stimulation having been identified previously by an X. At the 
end of the test the corresponding dots and crosses were joined by a line 
which was measured. The results (Table III) are sufficiently significant 
to conclude that on the volar surface of the normal forearm directional 
errors of localization occur in the long axis of the limb and predominantly 
proximal to the point of stimulus. Directional errors of localization on 
the anterior abdominal wall which were investigated in 3 normal subjects 
with the same technique tend to follow the direction of the main 
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cutaneous nerves although this phenomenon is not so constant as in the 
forearm (fig. 6). The transverse direction of faulty localization found at 
the re-innervated margins of some of the skin grafts in this series may 
offer an additional guide to the source of the innervating fibres. A similar 
»henomenon is found very infrequently in areas of overlap in the 
extremities after peripheral nerve injuries when pain stimuli are referred 
to the area from which the nerve fibres have apparently extended (fig. 7). 
(ransverse errors of localization were never found in the inner zone 
where sensations were always localized within the graft. 

Threshold and response in outer and inner zones.—The threshold in 
the outer zone was in most cases normal (15 cases) but was raised in 
3 and lowered in 2; in the inner zone threshold was raised in every case 

lable Il). The response was characteristically diminished in the outer 
zone (12 cases) but was normal in 4 cases and intensified in 6. In two 
instances intensification of response was associated with a low threshold 
but in the remaining 4 the threshold was normal. The association of 
. high threshold and an intensified response characteristically radiated 
the criteria of Head’s protopathic pain—was never found. In the single 
instance (Case M. B.) where raised threshold and an intensified response 
occurred together the pain was not radiated but well localized and was 
said to be “ sharper than normal.’ The response in the inner zone was 
isually diminished at threshold. 

Dissociation.—Complete dissociation of painful and tactile sensibility 
was a not uncommon finding and occurred in 10 cases in which pain 
sensibility was present in conjunction with tactile anesthesia. In 4 of 
these the area of dissociated pain was bounded by a deeply adherent 
scar. Unusually dense, adherent or stretched scars seemed to provide an 
effective barrier to ingrowing nerve fibres. for, in some, no demonstrable 
sensation was present beyond the scar; in others the presence of pain 
sensibility of a high threshold and a diminished response suggested that 
the sear had blocked the entry of all but a few scattered pain fibres. 
In these cases the pain sensation was accompanied by a subjective delay 
between the application of the stimulus and the appreciation of the 
sensation. This ‘‘ delayed pain ”’ appears in some ways similar to the 

second pain ” described by Lewis and Pochin (1937) the interpretation 
of which has been recently criticized by Sinclair and Hinshaw (1951). 

In case A. H. (fig. 8) the dissociated sensibility is not only strictly 
limited to the area bounded by dense scar but has extended into the 
sraft for a greater distance than that typical of the outer zone. This 
suggests that the effect of the scar has been to prevent ingrowth at the 
most superficial level of the skin while allowing fibres situated more 
deeply in the dermis, where the scar is possibly less dense, to grow in and 
to reach, via a deeper route, the cutaneous nerve plexuses of the graft. 

Dissociation and diminished sensibility in adjacent skin.—Dissociated 
pain sensibility was found in 3 of the grafts all of which were flanked by 
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skin that, owing to a partial lesion of a cutaneous nerve, had gravely 
liminished sensibility consisting of a raised threshold and a diminished 
esponse to pain and tactile stimuli. The pattern of distribution of pain 

sensibility in the graft, unlike that resulting from an adjacent scar 
sarrier, was of the typical outer zone type (fig. 9) ; the character of the 
iin sensibility was comparable to that found outside the graft—that is 
) say it had a raised threshold and a diminished response ; nor was there 
ny subjective delay in appreciation of the stimulus. These findings 

suggest that the outer zone has become re-innervated in the usual manner 
it with less than its normal complement of nerve fibres, possibly reflect- 
i¢ the impoverished state of innervation of the skin outside the graft. 





;. 9.—Full thickness flap graft. Simplified diagram illustrates sensory recovery 
in graft. Outer zone—black. 


Two grafts (E. D. and A. G. F.) (figs. 10 and 11) were situated almost 
identically, both impinging on the intermediate zone separating the 
normally innervated area supplied by the lateral cutaneous nerve of the 
forearm and the anesthetic zone, which, in these 2 cases, had resulted 
from a complete division of the medial cutaneous nerve of the forearm. 
The only response that could be aroused from this intermediate zone was 
pain sensibility of normal threshold and diminished response. The part 
of the graft overlapping this zone showed dissociated pain sensibility 
of similar type. Furthermore the extent of the invasion into the graft 
corresponded closely to the width of the intermediate zone itself. In 
Case E. D. the interruption half-way along the innervated margin 
corresponded precisely to a small stretch of densely adherent scar at 
the edge of the graft. 

Two-point discrimination on abdominal wall.—An investigation into 
the threshold of two-point discrimination of pin-prick sensibility on the 
normal abdominal wall was carried out on 10 subjects. Sharp gramophone 
needles mounted in a simple holder that allowed both needles to be 
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Fic. 10.—Full thickness flap graft. Analgesia—dotted line ; Anazsthesia—con 
tinuous line. Simplified diagram illustrates sensory recovery in graft. Outer zone 


black. 


Fic. 11.—Full thickness flap graft. \nalgesia—dotted line; Anzsthesia 
continuous line. Simplified diagram illustrates sensory recovery in graft. Outer 
zone—black. 


applied simultaneously at a like angle to the skin were used. The precis¢ 
“end point ’’ was difficult to determine and each figure given in Table IV 
represents the mean of two readings taken consecutively. The points 
of the instrument were widely separated at the beginning of the test 
and were gradually brought closer together; the first reading was taken 
when the subject could no longer resolve two separate points. To obtain 
the second reading the two points were held closely together to begin 
with and gradually separated, the ** end-point ’’ being taken immediately 
the subject reported the sensation of two separate points. 

This method, which is essentially ‘‘The method of right and wrong 
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inswers ”’ attributed to Fechner and described by Sherrington (1900), 
usually resulted in the finding of a “‘ dead space ”’ of several millimetres 
in length where the subjects’ responses were equivocal. As Sherrington 

1900) writes “ with increasing separation of the points of contact the 

proportion of right answers to total answers increases; at a certain 

separation the answers are all right.” Throughout the tests, as in 

Fechner’s method, occasional single points were intermingled with 

double points and great care was exercised to avoid successive as opposed 

to simultaneous stimuli. 

Two observations were made on each subject one in the transverse 
plane and one, on the opposite side of the abdominal wall, in the vertical 
plane. Table IV indicates that the difference between the two thresholds 
was not marked although there was a tendency for the threshold in the 
vertical plane to be the greater. This difference was not taken into account 
when the mean liminal value for two-point discrimination was calculated. 
(his was found to be 3-24 + 0-28 em. and was based on 20 estimations 
in 10 subjects. 

Tyre IL: This type of re-innervation which was present in 5 cases is 
in marked contrast to Type I; sensibility tends to recover patchily all 
over the graft notwithstanding the size of the area. The character of 

ie sensibility in respect of threshold and response is poor, localization 

f the stimulus is faulty, and cross reference frequent, all sensations 


eing projected wholly to an anesthetic area distal to the graft where 


they are appreciated as specific sensations. In only one case (A. W. 8.) 
as the graft wholly re-innervated in this manner ; there was a complete 
sence of marginal ingrowth due probably to the gravely diminished 
‘nsibility of the surrounding skin and to the dense scar surrounding the 
aft on all sides. In this subject all forms of sensibility were projected 
to the area supplied by the medial cutaneous nerve of the forearm which 
was divided at the time of the original injury, the lesion of the nerve 
being at the site now occupied by the skin graft. 


=< 
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Tyee III: This type of re-innervation, which occurred in 11 of the 
26 cases in which a peripheral nerve neuroma lay in close relation to the 
vraft, exhibited characteristically a low-threshold abnormal response 
which is peripherally referred. The subjective response to stimulus is 
stereotyped and non-specific and, irrespective of the type of stimulus 
applied, consists of a sensation of tingling or pins and needles which 
ranges from a mildly pleasant experience to an intensely uncomfortable 
one depending, apparently, on the extent and degree of invasion, so- 
called neurotization as opposed to re-innervation, of the skin. The 
sensation is devoid of both specificity and accurate localization and is 
felt for the most part in the peripheral distribution of the nerve trunk 
concerned. This type of sensation is never found in the absence of under- 
lying neuroma. It can be elicited by all cutaneous stimuli, by punctate 
as well as by moving touch; by hair flexion as well as hair traction. 
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The area of skin displaying this phenomenon varies considerably but 
frequently extends for several centimetres on either side of locus of the 
neuroma. In 4 cases, although a neuroma lay subadjacent to the graft, 
distantly referred parzesthesize could only be aroused by direct percussion. 
actual neurotization of the skin being absent in these cases. 

It is significant that in all cases reported by Davies (1934) showing 
protopathic pain a neuroma lay deep to the skin area designated as 
protopathic ; furthermore protopathic pain was absent in all grafts 
unassociated with subjacent neuromata. Kredel and Evans (1933) 
reported neither protopathic pain nor paresthesiz in their series none 
of which was associated with a peripheral nerve injury. 


DISCUSSION 

These observations suggest that full thickness skin grafts may become 
re-innervated by three different methods although the appearance of 
Type ITI innervation indicates a simple neurotization of the skin rather 
than a true re-innervation, a term which connotes the restoration of 
function. Even so, the non-specific invasion of the skin by wandering, 
immature fibres sprouting from the distal end of a cut nerve is probably 
not without some functional significance, for the very persistence of 
these fibres for many years argues against their physiological inactivity. 
It seems that the grossly abnormal quality of the sensibility resulting 
from this type of invasion is related more closely to the lack of a proper 
terminal arrangement of these wandering fibres than to the absence of 
peripheral end-organs. The recovery pattern of Type II characterized 
by an all-over return of poor quality sensation which is, in the main 
projected to an area of anesthesia or of diminished sensibility distal to 
the graft, was only observed in 5 cases. This distal projection which is 
specific is in complete contrast to the non-specific reference associated 
with Type III re-innervation. It is akin to the phenomenon of cross 
reference, and is presumably due to the regenerating fibres of a severed 
cutaneous trunk making functional connexions with heterogeneous endings 
in the graft skin. When a full thickness flap from the abdomen is inset 
on the forearm, either directly or by means of a tube pedicle, the 
cutaneous branches of the intercostal nerves running in the sub- 
cutaneous tissue are divided and transposed with the flap. In fashioning 
a flap for a defect of the forearm the abdominal wall skin of the same 
side is usually utilized. The flap is raised so that its distal edge when 
in situ is transposed to the lateral side of the volar surface of the forearm 
or the medial side of the dorsal surface. As a result, the general direction 
of the cutaneous branches of the intercostal nerves now corresponds to 
the long axis of the forearm, and there is, theoretically, no reason wh) 
new axons growing out of the cut ends of the cutaneous nerves of the 
recipient area should not find their way into the empty neurilemmal 
sheaths of the divided nerve trunks at the subcutaneous level. In 
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practice, accurate apposition of nerve bundles is likely to be rare and 
although many instances have been recorded both clinically (Seddon, 
1943, and Napier, 1949) and experimentally (Cajal, 1928, and Holmes 
and Young, 1942) where axons have regenerated across large gaps, 
there is always a considerable wastage of fibres and the resulting 
innervation of skin is very poor. 

Re-innervation by means of marginal invasion of the graft was the 
commonest method observed in this series and, furthermore, in spite of 
the limited extent of the ingrowth it is the most efficient method, for the 
quality of the sensation as regards pain was frequently normal. The 
anatomical basis of these observations and those relating to the existence 
of two physiologically distinct zones—the inner and the outer—may lie 
in the particular distribution of the cutaneous nerve plexuses. Imme- 
diately below the basal layers of the epidermis there is a fine plexus of 
tibres made up of individual overlapping nerve networks. These networks 
are formed by the repeated dichotomy of the thin non-myelinated nerve 
fibres arising from the more deeply placed subcutaneous plexus which 
contains both thick and thin myelinated and non-myelinated fibres. Each 
network is formed by the terminal ramification of a single parent axon. 
rom these sub-epidermal networks arise the beaded free nerve-endings 
of the skin which have been associated experimentally by Woollard, 
Weddell and Harpman (1940) with the modality of cutaneous pain 
ind which are situated at a depth of 1-00 mm. below the skin surfaces 
m the forearm. The physiological evidence of Tower (1942) and the anato- 
mical studies of Woollard et al. (1940) and Weddell (1941 a and 6) strongly 
indicate the absence of any structural or synaptic connexion between 
idjacent interlocking nerve networks. Within the terminal network of 
. single axon there may exist a state of physiological continuity with 
the result that, as Tower (1942) points out, activity in any part thereof 
conditions the whole. These independent overlapping networks may 
cover considerable areas of skin surface. Weddell (1941la) states that a 
nerve network derived from a single fibre may cover an area of 0-74 cm. 
on the back of the human hand. Im frog’s skin Adrian, Catell and 
Hoagland (1931) have outlined areas as great as 100 sq. mm. within the 
(listribution of a single afferent neurone subserving touch. Tower (1933) 
found the areas supplied by a single afferent fibre to the frog’s viscera 
covered 2-3 sq. em. and in the rabbit’s cornea (1940) she found a single 
fibre ramifying over an area of 50-200 sq. em. 

The findings in this investigation indicate that the regeneration 
patterns within the graft are closely related to the state of innervation 
of the surrounding skin. Where this is anesthetic to cutaneous stimuli 
no marginal recovery is evident; where the surrounding sensibility shows 
a lowered threshold and diminished response a like state of sensibility is 
found in the marginal zone. Similarly where dissociated sensibility occurs 
outside the graft, dissociation is present in the adjacent region within 
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the graft. Furthermore, the sensory pattern outside the graft is mirrored 
precisely within the graft. This is well shown in the two cases (J. L. and 
J. H.) where local anesthetic injected on the recipient side of the scar 
abolished the marginal sensibility of the graft over an area closely 
corresponding to the visual limits of the injection. To this extent it 
appears that the qualitative recovery of the graft depends on the state of 
sensibility of the recipient skin. The most striking feature of the marginal 
re-innervation is its strictly limited extent which was in no case found 
to exceed 2-8 cm., the average values being considerably less. This 
observation implies the presence of some factor or factors imposing a 
limit on the extent to which ingrowing fibres may penetrate. Is this 
factor resident in the original skin of the area or is it a property of the 
donor skin? A consideration of the conditions at the junctional line 
between graft skin and skin of the forearm suggests that the connective 
tissue elements of neural plexus of the graft impose a uniformity of 
behaviour on the ingrowing fibres. As Glees (1943) has shown these 
elements persist after the degeneration of the axis cylinders. On the 
graft side of the suture line are the empty Schwann tubes of the abdominal 
cutaneous plexus while immediately adjacent to them lie the axis 


cylinders of the cut cutaneous plexus of the forearm skin. It is probable 


that the fibrillary sprouts of the cut axis cylinders growing out across 
the scar barrier will find and invade freely the empty Schwann sheaths 
of the graft and, thus, by following the existing pathways reach their 
terminal distribution in the skin. The distance from the edge of the 
graft to which these fibres extend will depend on the length of the available 
pathway. This, in turn, will depend on the level at which the invading 
fibres enter the cutaneous plexus ; those entering the deep part of the 
plexus will necessarily extend further into the graft, by virtue of the 
wider distribution of nerve fibres at this level. than those entering the 
layer of sub-epidermal nerve networks. 

It is suggested that the outer zone of marginal invasion represents the 
direct innervation of these sub-epidermal nerve networks, the limited 
extent of this zone being a reflection of the dimensions of these networks 
in the abdominal skin. Thus the theoretical maximum width of the 
outer zone of marginal ingrowth is an expression of the diameter of the 
nerve networks of the donor area. In many grafts with a transverse 
diameter of 6 em. or less total re-innervation will occur by the meeting 
of the outer zones of opposite sides, provided that the innervation of the 
surrounding skin is unimpaired. 

It is clear that the rotation of an area of skin during transplant is 
unlikely to affect the subsequent recovery to any great degree, as, in 
contrast to the arrangement of the large nerve bundles in the sub- 
cutaneous tissue, there is no evidence of a specific polarity in the terminal 
sub-epidermal plexus. On these grounds then there is an objection to the 
views of Kredel and Evans (1938). These authors observed that no 
alteration in sensibility resulted from changes in polarity of the graft 
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and concluded that this signified that re-innervation was occurring 
independently of the existing Schwann pathways. 

The findings with regard to two-point discrimination of cutaneous 
pain sense on the skin of the normal abdominal wall offer some measure 
of support for this view of the anatomical basis of re-innervation. Weber 

1852) assumed that a relationship existed between the threshold of 
two-point discrimination and the size of the skin area supplied by the 
terminals of a single nerve fibre (Weber’s sensory circle). Weddell (1941a) 
offered confirmation of Weber’s view when he showed that on the dorsum 
of the human hand the size of the nerve networks corresponded to the 
limen of two-point discrimination in this region. The findings in 10 
normal subjects (Table IV) indicate that the mean for two-point dis- 
crimination on the anterior abdominal wall was 3-24 + 0-38 em. In no 
instance in this series did the width of the outer zone of marginal invasion 
exceed this value, the maximum being 2-8 em. The mean value for 
marginal invasion at the proximal edge was 2-17 + 0-58 em. and at the 
sides 1-88 + 0-55 em. It is not surprising that this falls short of the 
mean value for two-point discrimination, for some reduction in diameter 
of the marginal nerve networks at the edge of the graft must result from 
the surgical incision; indeed if these networks were complete and 
undamaged marginal invasion could probably not take place. 

The fibres invading the graft at the deeper dermal level and making 
contact with the deep part of the cutaneous plexus will necessarily extend 
further from the perimeter of the graft than those entering directly at the 
more superficial level, by virtue of the greater area of distribution of the 
nerve trunks at the deeper level. This would account for the greater 
width of the inner zone of marginal invasion and the absence of a clear 
line of demarcation between this and the central zone of anzesthesia. 
The quality of the sensation found in the inner zone—characteristically 
having a high threshold, diminished response—is a reflection of the 
mixed character of the fibres of the deep cutaneous plexus whose com- 
ponents subserve both tactile and painful as well as temperature endings ; 
fibres entering this widely ramifying plexus are liable to a proportionately 
high degree of wastage as a result of making inappropriate, and therefore 


non-functional, connexions. 


CONCLUSION 

The findings of this investigation suggest that the existing pattern 
of the nerve plexuses of the graft skin is largely responsible for the 
extent and quality of the re-innervation providing that the skin of the 
recipient area is normally innervated. This conclusion may have some 
bearing on the problem of regeneration by so-called ‘‘ overlap” following 
peripheral nerve injuries, for many of the characteristics of circumferential 
shrinkage of the area of sensory loss appear to be very similar to those 
found in marginal invasion of full thickness skin grafts. 
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SUMMARY 

(1) Thirty-one full-thickness skin grafts of the forearm were inves 
tigated for the return of pain sensibility to a pin-prick stimulus. A strict 
selection of cases was made in order to eliminate as many variables as 
possible. The majority of the grafts (26) were between 4-9 years old. 

(2) The methods of sensory testing used in the investigation are fully 
described. 

(3) Three distinct types of re-innervation of full-thickness flaps were 
observed. 

Type I: This type of re-innervation was observed in 30 out of 31 
grafts of the series. Typically there was marginal recovery of pain sensi 
bility comprising two zones : a narrow outer zone, where the threshold to 
pin-prick was normal but the subjective response was diminished in 
intensity. and an inner zone where the threshold was high and the 
intensity of the response was diminished. The width of the outer zone 
was strictly limited in extent and never exceeded 3-0 cm., the mean 
value being 2-17 + 0-58 em. from the proximal edge and 1-88 + 0-55 
from the sides. The width of the inner zone was difficult to determine 
but did not exceed 5-5 em. from the edge of the graft. The marginal 
re-innervation of grafts was found to reflect closely the state of sensibility 
immediately outside the margins of the graft. 

Type II: This type of re-innervation was present in 5 grafts, only one 
of which was wholly re-innervated by this method; the return of 
sensibility occurred patchily all over the graft, the threshold was high 


and the response was diminished, the sensations being wholly projected 


to an anesthetic area distal to the graft. 

Type III: This type of re-innervation occurred in 11 instances and 
was, in all cases, associated with a sub-adjacent neuroma. The return of 
sensibility in the graft was characterized by a low-threshold non-specific 
response consisting of paresthesiz which were peripherally referred. 
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(4) These findings are discussed in the light of the present knowledge 
of the pattern of distribution of sensory nerve fibres in the skin and it 
is concluded that the pattern of the nerve plexuses of the graft skin is 
largely responsible for the extent and quality of its re-innervation 
providing that the skin of the recipient area is normally innervated. 


(5) It is suggested that the mechanism of re-innervation of full thickness 
skin grafts may be similar to the phenomenon of “ overlap ”’ which leads 
to a circumferential shrinkage of the area of sensory loss after complete 


division of a peripheral nerve. 


REFERENCES 
ADRIAN, E. D., CaTELL, McK., and HoaGianp, H. (1931) J. Physiol., 72, 377. 
BoEKE, J. (1940) Problems of Nervous Anatomy. London, Oxford University Press. 
CaJAL, S. R. y (1928) Degeneration and Regeneration of the Nervous System. 
London, Oxford University Press. 
Davies, L. (1934) Surg. Gyne. and Obst., 59, 533. 
Davis, J. S., and KiLttowskI, E. A. (1934) Ann. J. Surg., 24, 501. 
DijKSTRA, A. (1934) Quoted by Boeke (1940). 
GLEES, P. (1943) J. Anat., 77, 153. 
HoimEs, W., and Younga, J. Z. (1942) J. Anat., 77, 63. 
HutcHinson, J., TouGcu, J. S., and WyBury, G. M. (1949) Brit. J. Plast. Surg., 2, 82. 
JENKINS, W. L. (1938a) J. Exp. Psychol., 22, 451. 
—— (1938b) J. Exp. Psychol., 22, 564. 
IKADANOFF, D. (1928) Z. Zellforsch., 7, 553-576. 
(1925) Roux Arch. Entw. Mech. Organ., 106, 249. 
IXLEIN, M. (1935) Quoted by Boeke (1940). 
KREDEL, F. E., and Evans, J. P. (1933) Arch. Neurol., 29, 1203. 
LEwIs, T., and PocuHIn, E. E. (1937) Clin. Sci., 3, 67. 
NAPIER, J. R. (1949) Brain, 72, 63. 
Pottock, L. J. (1933) Peripheral Nerve Injuries. New York, Paul Hoeber. 
SEDDON, H. J. (1943) Brain, 66, 237. 
SHERRINGTON, C. S. (1900) ‘‘ Cutaneous Sensations ’”’ in Schafer’s Text-book of 
Physiology. Edinburgh and London. 
SINCLAIR, D. C., and Hinsuaw, J. R. (1951) Quart. J]. Exp. Psvchol., 3, 49. 
Tow™ER, S. (1933) J. Physiol., 78, 225. 
— (1942) Res. Publ. Ass. Nerve Ment. Dis., 23, 16. 
WEDDELL, G. (194la) J. Anat., 75, 346. 
(1941b) J. Anat., 75, 441. 
WEDDELL, G., GUTTMANN, L., and GUTMANN, E. (1941) J. Neurol. Psychiat., 4, 206. 
WooLtarD, H. H., WEDDELL, G., and HAarPMAN, J. A. (1940) J. Anat., 74, 413. 


PLATES I AND II 
LEGENDS FOR FIGURES 


Fics. 2a and 28.—Flap of skin raised from abdomen and inset on dorsum of left 
forearm preparatory to transfer to knee. The sensory findings are simplified in 
the diagram. Outer zone—black ; Inner zone—stippled. 


Fics. 3a and 38.—Flap of skin on volar surface of lower third of forearm. Sensory 
findings simplified in diagram. Outer zone—black; Inner zone—stippled ; 
\nalgesic zone—white. 
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Fics. 3c and 3p.—The same after intradermal injection of 2 per cent Procaine 
(site of injection indicated by grouped arrows). Sensory findings indicated in 
simplified diagram. Outer zone—black ; Inner zone—stippled ; Analgesic zone— 


white. 


Fics. 4a, 4B, 4c and 4p.—Figs. 4a and 4B represent sensory state prior to 
intradermal block. Outer zone—black ; Area of diminished sensibility (opposite 
scar)—cross hatched ; Analgesic zone—white. Figs. 4c and 4p represent sensory 
state after block. Outer zone—black; Area of diminished sensibility—cross 


hatched ; Analgesic zone—white. The sites of injection are indicated by arrows. 


Fic. 5.—The pattern of localization of painful (pin-prick) stimuli on normal 


forearm is predominantly in the long axis of the limb. 


Fic. 6.—The pattern of localization of painful (pin-prick) stimuli on normal 
abdominal wall shows tendency to follow the direction of main cutaneous nerves. 


Fic. 7.—Complete division (neurotmesis) of median nerve in arm with 10 cm. 
gap. Extensive recovery by overlap has taken place. Arrows indicate main direction 


of reference of painful sensations. There is still complete analgesia of the areas 
bounded by a dotted line. 
Fic. 8, 8a and 88.—Full-thickness flap graft on dorsum of lower third of the fore- 


arm. Cross-hatching in 8a represents deeply adherent scar. The sensory findings 
are simplified in the diagram : Outer zone—black ; Inner zone—white. 















PLATE I 


To illustrate article by J. R. Napier. 





PLATE II 


To illustrate article by J. R. Napier. 














THE FACTOR OF SYMMETRY IN THE PERCEPTION OF TWO 
SIMULTANEOUS CUTANEOUS STIMULE 


BY 
JOSEPH JAFFE? anp MORRIS B. BENDER 


This investigation was aided (in part) by a Grant MH-139C from the United 
States Public Health Service, National Institutes of Health. 


DurRinG the course of recovery from a general anesthetic, repetitive 
testing by double simultaneous stimulation of the skin, particularly of 
the face and hand, reveals a predictable pattern of deficient sensation 
(Jaffe and Bender, 1951). The capacity of the normal adult to perceive 
or localize two simultaneous cutaneous stimuli is disturbed in a charac- 
teristic way. The stimulus applied to the hand is not perceived, or if it 
is perceived, it is mislocalized toward the face. Thus, the face has been 
defined as dominant to the hand. In an extensive study of simultaneous 
tests of two non-homologous (asymmetrical) body areas a pattern of 
dominance has been found (Bender, Fink and Green, 1951). The face 
is most dominant, i.e. there are no errors in perception, and the hand 
least dominant, i.e. it shows most errors in perception. The rest of the 
body areas are ordered between the face and the hand. 

However, responses to simultaneous stimulation of homologous areas 


(symmetrical points) during recovery from anzsthesia showed a significant 
lack of errors in perception of the two stimuli. The findings obtained on 
stimulation of homologous regions were so prominent in contrast to those 
obtained with non-homologous regions that they deserve separate 


consideration. 
METHOD 

The method is the same as described in previous communications 
(Jaffe and Bender, 1951, Bender, Fink and Green, 1951). The test 
consists of simultaneous touch stimulation of two areas of the skin, the 
touches being applied with the two forefingers of the examiner. Care 
is taken to apply the two stimuli with approximately equal pressure 
and duration. The touches are delivered in three types of configuration. 
Method A : Homologous (symmetrical) points of the body are stimulated, 
such as both sides of the face, both hands, or both shoulders. Method B : 
Non-homologous (non-symmetrical) points, one on each side of the 
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mid-line are stimulated, such as right face and left hand, or left shoulder 
and right hand. Method C : Non-homologous areas on the same side of 
the mid-line are stimulated, such as right face and right hand, or left 
shoulder and left elbow. The three methods were alternated at random. 
with Methods B and C (non-symmetrical stimuli) preceding Method A 
(symmetrical stimuli). These tests were performed at various times 
during the period of confusion following general anesthesia. 


MATERIAL 

31 patients were tested, all from the surgical wards of the Bellevue 
General Hospital. They had undergone a variety of routine surgical 
procedures, under a variety of general anzsthetics, including cyclo- 
propane, ether and intravenous barbiturates. 26 patients had no known 
disease of the nervous system. That the sensory defect was due to the 
effect of the anesthetic was shown by complete return to normal mental 
status and normal perception of double simultaneous stimuli following 
recovery from the effects of the anzsthetic. In the remaining 5 cases 
the prolonged confusion and sensory deficit led to suspicion of diffuse 
changes in the brain, possibly on a vascular or degenerative basis, but 
these patients were included since they demonstrated the phenomena 
under discussion. 

RESULTS 

All 31 patients showed marked defects in the perception of double 
simultaneous stimulation of non-homologous areas, as reported in 
detail in another paper (Jaffe and Bender, 1951). 

During recovery from general anesthesia there appears a clear cut 
stage during which simultaneous stimuli to bilaterally symmetrical 
areas are accurately reported, while double stimulation of non- 


symmetrical areas results in extinction or displacement of the stimulus 


applied to the non-dominant area. In other words, symmetrically 
applied stimuli are the first spatial configuration of two stimuli that can 
be accurately localized during recovery from anesthesia. This pattern 
of sensation can continue for an hour or more in individual cases. A clear. 
but not unusual, demonstration of the phenomenon follows : 

The patient was a 59-year-old white male undergoing plastic surgery of the 
lower lip. He was anesthetized with intravenous surital and nitrous oxide for 
one hour and fifteen minutes. Examination was performed three hours following 
cessation of anesthesia. Although slightly drowsy, the patient was oriented for 
time and place, and was extremely co-operative. 


Method Areas stimulated Report of sensation 
Right face—left hand Right face 
Left face—right hand Left face 
Right face—right hand Right face 
Left face—left hand Left face 
Right hand—left hand Right hand—left hand 
Right face—left face Right face—left face 
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[his series was repeated four times with identical results. The results demonstrate 
uccurate report of two simultaneous stimuli in a symmetrical distribution 
Method A), and extinction of the hand stimulus on asymmetrical stimulation 
Methods B and C). Similar patterns were found in tests of the hand and foot 
ombination, as follows : 

Method Areas stimulated Report of sensation 


3 Right hand—left foot Left foot 

3 Left hand—tright foot Right foot 

; Right hand—right foot Right foot 
Left hand—left foot Left foot 
Right foot—left foot Right foot—left foot 
Right hand—left hand Right hand—left hand 


One day later this patient showed accurate localization of double 
simultaneous stimulation in all combinations tested, both homologous 
ind non-homologous. 

30 of the 31 patients gave their first correct response to double 
simultaneous stimuli on symmetrical stimulation, the one exception 
viving a correct response to the “‘ face-hand test’ first. In none of 
these 31 cases was the symmetrical configuration the first combination 
tested. Non-symmetrical areas were always tested first (Methods B and 
(). The correct response to Method A was truly a differential response, 
ind not simply the point at which the patient “caught on” to the 
requirements of the test. This is verified by the fact that all 30 patients 
proceeded to make mistakes on subsequent asymmetrical arrangements 
following the first correct symmetrical response. Report of symmetrical 
stimuli, however, continued with almost invariable accuracy. This is in 
marked contrast to the pattern in the normal, where the first correct 
esponse to double stimulation, in which the patient “ grasps the set,” 
is never followed by further errors (Bender, Fink, and Green, 1951). 

It should be added that among the symmetrical areas tested in 
Method A, stimuli to both sides of the face seemed more easily localized 
than stimuli to both hands. But even the hand-hand, knee-knee or 
shoulder-shoulder combinations were correctly reported before the 
face-hand configuration. 


SYMMETRY AND THE PHENOMENON OF DISPLACEMENT 


When two stimuli begin to be perceived in non-symmetrical distribu- 


tions, the displacement phenomenon occurs. As described in a previous 
per, the stimulus in the dominant area, usually the face, is well 
localized, while that in the non-dominant area, usually the hand, is 
displaced in the direction of the dominant (Bender, 1951). Under these 
conditions we note a tendency for displacement to a point symmetrical 
to the dominant stimulus. A common example encountered is the 
following : 


Areas stimulated Report of sensation 


Right face—left hand Right face—left face 
Right hand—left foot Right foot—left foot 
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In the cases reported here, 150 separate displacement responses to bilaterally 
asymmetric double stimuli (Method B) were recorded. Approximately 75 per cent 
of these responses resulted in the localization of the stimuli to a symmetrical 
configuration. 

In the rare instance of displacement of symmetrically applied stimuli (Method A), 
the mislocalization was always to another symmetrical arrangement, as in the 
following case : 

The patient is a 3l-year-old woman anesthetized for two hours with cyclo 
propane for removal of an ovarian cyst. Examination was performed five hours 
following cessation of anzsthesia. Patient had received Demerol 100 mgm., one- 
half hour before this examination. She was confused, mildly disoriented but 
extremely co-operative on testing. During the testing the following displacements 
were recorded : 

Method Areas stimulated Report of sensation 
A Right cheek—left cheek Right cheek—left cheek 
A Right hand—left hand Right chest—left chest 
Patient indicates sym- 
metrical points just 
below clavicle on 
each side) 
Right cheek—left cheek Right cheek—left cheek 
Right hand—left hand Right chest—left chest 
as above) 


In a 30-year-old man examined one hour following cyclopropane anesthesia fot 
repair of lacerated tendons at the wrist a similar phenomenon was recorded as 
follows : 

- Report of sensation 
Right hand—left hand “* Both sides of face.’’ 
Right hand—left hand ‘‘ Both sides of face.’’ 
Right hand—left hand ‘“ Both sides of face, 
but lower down! ”’ 
Right hand—left hand ** Both cheeks, but 
lower still.’’ 

The symmetrical configuration appeared to be displaced as a whole toward the 

dominant area, with some decrease in displacement on repeated stimulation. 


DiscUSSION 
teferences to the unique sensory relationship between symmetrical 
cutaneous points are to be found throughout the literature. They 
represent diverse fields of clinical and experimental investigation. At 
first glance they appear unrelated but on compilation of the data it is 


evident that symmetry plays an important role in the perception of 


cutaneous stimuli. 

Schilder stated that symmetrical parts of the body are psychologically 
and physiologically connected ; from his investigations he concluded 
that there exists a tactile similarity of symmetrical points (Schilder, 1935). 

A. W. Volkmann experimented with transfer of practice effects upon 
the two-point threshold (Volkmann, 1938). He noted, in addition to a 
decrease of two-point threshold in the practised skin area, “‘ an almost 
equal improvement in the corresponding area of the other hand or 
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arm.... The transfer was not general but was confined to areas adjacent 
or symmetrical to the area receiving the practice.” 

Pavlov reported that conditioned reflexes which had been elaborated 
on the skin surface of one-half of the body are obtainable to exactly 
the same degree from the stimulation of corresponding symmetrical 
points of the other half of the body, even though the latter have never 
been tested before. Also, it was impossible to obtain the slightest 
differentiation between two symmetrical points on opposite halves of 
in animal by use of the conditioned reflex technique ; yet this was easily 
done with asymmetrical, or non-homologous points (Pavlov, 1928). 

The spontaneous spread of abnormal sensations is often to symmetrical 
reas, as in the “ mirror-image’ phenomenon (Livingston, 1947), in 
which a pain syndrome in one limb spreads to involve a symmetrical 
distribution in the contralateral limb. Conversely, Teuber, Krieger and 
Bender report cases of lower limb amputees in whom “ ordinary move- 
ments of the sound limb are felt as if accompanied by identical motions 
in corresponding parts of the phantom limb” (Teuber, Krieger and 
Bender). Finally, Bender has shown how the spontaneous unilateral 
pain of causalgia can be intensified by contralateral tactile stimulation 
of the symmetrical area (Bender, 1945). 

In their study of hemiplegia by double simultaneous stimulation, 
Bender, Shapiro and Schappell found that a sensation on the affected 
side was displaced toward a region symmetrical to the point of stimula- 
tion on the normal side (Bender, Shapiro and Schappell, 1949). Alleesthesia 
is another variety of the phenomenon of displacement in which a sensa- 
tion is localized on the opposite side of the body from the point actually 
stimulated. It is significant that here, too, the displacement is usually 
to a symmetrical point (Bender and Nathanson, 1950). 

Still another phenomenon, related to displacement which follows the 
pattern of “‘ face dominance ”’ and bilateral symmetry, is described by 
Cohn (1951) and also observed by us. Cohn used the method of double 
simultaneous stimulation in normal children, aged 3-5}, stimulating the 
face and hand on the same side of the body. When the stimulus to the 
hand was not reported the child was pressed for another response, being 
told that a stimulus in addition to that on the face had indeed been 
ipplied. Under such pressure the child at times reported a second 
stimulus on the opposite cheek at a point symmetrical to the one 
previously indicated. 

This diversified group of studies all serve to demonstrate a unique 
relationship, specific for symmetrical cutaneous points.  Bilaterally 
symmetrical points, when stimulated, show greater stability in perception 
than do non-symmetrical points. Moreover, examination of normal 
subjects during the mental syndrome following general anesthesia shows 
that the loss of ability to perceive and localize bilateral simultaneous 
stimulation is relative and not absolute. The factor of symmetry of the 
stimulus configuration influences the accuracy of report during this 
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period of mental confusion. Thus, bilaterally symmetrical stimuli can 
be reported and accurately localized at a stage of recovery when the 
patient is as yet unable to report bilaterally asymmetrical stimuli 
correctly. There appears to be a “ differential acuity,’ depending upon 
the spatial orientation of the pattern of stimulation. Acuity is highest 
for patterns which are symmetrical with respect to the longitudinal axis 
of the body. This effect was most marked with bilateral stimuli to the 
face. In addition, when the displacement phenomenon was observed in 
response to bilateral stimulation of non-homologous areas, there was a 
marked tendency for displacement to a symmetrical configuration. 

One suggested explanation is that the symmetrical figure is “‘ simpler,” 
a “ better Gestalt,” and thus more easily resolved by these mentally 
confused patients. The displacement of asymmetrical patterns by more 
symmetrical ones does suggest a “ stress ’’ toward decrease in the internal 
complexity of the figure. This would be the cutaneous analogue of optic 
illusions, such as the Necker Cube, in which stresses set up by an 
asymmetric bi-dimensional pattern will tend to a_ tri-dimensional 
organization in which the pattern becomes “ simpler ”’ or more symmetric. 
Schilder (1942) and Lauretta Bender (1938) described the tendency, in 
organic psychosis, to distort visuomotor patterns from oblique to vertico- 
horizontal and from asymmetrical to symmetrical. The displacement of 
asymmetrical cutaneous patterns toward the symmetrical may represent 
the spontaneous distribution of forces tending toward maximal equilibrium. 

The idea that an oblique configuration, such as one cheek and contra- 
lateral hand, is more complex and unstable than a symmetrical pattern 
finds support in studies of normal development. For instance, the normal 
child is unable to produce an oblique cross as early as it can execute a 
vertically oriented cross, or a diamond as early as a square (Bender, L., 
1938). It would seem that here, too, a pattern whose orientation co- 
incides with the vertico-horizontal co-ordinate system of body space can 
be coped with at an earlier stage of maturation, and is “ less complex.”’ 
We have previously described how the response patterns of normal adults 
to double simultaneous stimulation following a general anesthetic are 
similar to those shown by normal children below the age of 6 (Jaffe and 
Bender, 1951). From this point of view the greater susceptibility of non- 
homologous patterns of stimulation to the effects of anesthesia might be 
understood as the greater “fragility ’’ of more complex patterns. 
K. S. Lashley has demonstrated that “a given area may function at 
different levels of complexity, and lesions may limit complex functions 
without disturbing the simpler ones ” (Lashley, 1930). 

Recent work of Bender and associates suggests an explanation for the 
greater susceptibility of asymmetrical patterns of cutaneous stimulation 
to the effects of a general anzsthetic, as opposed to symmetrical ones. 
Repeated and detailed comparison of non-homologous body areas by 
double simultaneous stimulation has shown certain areas to be con- 
sistently dominant over others (Bender, Fink and Green, 1951). Thus, 
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‘radients of sensibility have been demonstrated throughout the cutaneous 
ield in the normal nervous system. The gradients are most conspicuous 
vhen there is cerebral dysfunction due to disease or temporary intoxica- 
ion. As described above, these gradients are not apparent when 
symmetrical regions are tested. 
It is important to emphasize that the symmetry of normal neural 
function is not necessarily altered by a pathologic process. Jackson made 
basic distinction between ‘local and uniform dissolution ”’ of the 
ervous system (Jackson, 1932). In ‘“ uniform dissolution,” such as 
inder general anesthesia, there is no disturbance of normal symmetry. 
"hus, testing by double simultaneous stimulation reveals defects which 
ire equally marked bilaterally. It is in such patients that characteristics 
of * lower levels ’’ of function are especially well demonstrated, and the 
imilarities to perceptual patterns of childhood are most striking. In 
Jackson’s words : “‘ In uniform dissolution the influence is the same for 
the whole nervous system, and evolution is comparatively evenly 
reversed ’’ (1932). It is in symmetrically functioning nervous systems 
that the ‘‘ lower threshold’ or ‘ differential acuity ’’ for symmetrical 
is opposed to asymmetrical cutaneous stimuli is most clearly demon- 
strated. Therefore, in the remainder of this discussion we will contrast 
symmetrical function with asymmetrical function. Group 1, illustrating 
symmetry of function, is composed of (a) the normal child, (b) the normal 
adult following anesthesia, and (c) organic psychosis due to toxic or 
diffuse disease. Group 2, illustrating asymmetrical function, includes 
patients with hemiplegia or with cerebral conditions which cause localized 
disorders of sensation. 


Group 1: In the symmetrically functioning nervous system, both 
normal and abnormal, extinction and displacement responses, if present, 
occur with equal frequency on both sides of the body. Dominance can be 
demonstrated by simultaneous stimulation of any two asymmetrical 
cutaneous areas. However, when symmetrical areas on the two sides of 
the body are tested in this same group of subjects, it is practically 
impossible to obtain extinction or displacement. In other words, 
dominance is not apparent when homologous areas are stimulated. 

The conclusion suggested is that gradients of excitability normally 
vary along the longitudinal axis of the body in a consistent but symmetri- 
cal fashion. The gradient between the face and hand is steepest, while 
the gradient between symmetrical areas is relatively negligible, being 
least between both sides of the face. Thus, an explanation for the 
‘greater simplicity ’’ of a symmetrical cutaneous pattern lies in the 
absence of a gradient of excitability between the two stimuli, with 
resultant minimal “‘ rivalry.” A physiological situation of this sort might 
serve as a frame of reference for relating the various phenomena of 
symmetrical cutaneous points reviewed at the start of this discussion. 
The present study brought out the factor of symmetry in especially 
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clear fashion because subjects with no obvious neurological pathology 
were tested during a diffuse intoxication (‘‘ uniform dissolution ”’) which 
did not alter the symmetry of function. The minimal gradient between 
symmetrical points was unchanged. The general anesthetic did, however, 
exaggerate the normal gradients between non-homologous areas, which 
accounts for the relatively greater or differential “fragility ” of the 
latter patterns. 


Group 2: In localized “ dissolution,’ such as in hemiplegia, the 
nervous system is both structurally and functionally asymmetrical. 
There is a loss of sensory or motor function in one region of the body. 
In addition, the interaction between normal and diseased areas may 
further exaggerate the functional asymmetry, as when an area hypes- 
thetic to single stimulation is rendered anesthetic by simultaneous contra- 
lateral stimulation (extinction phenomenon). Whereas subjects with 
symmetrically functioning nervous systems show extinction and dis- 


placement on non-homologous stimulation bilaterally, this group of 


patients exhibit the phenomena only over the affected side. In contrast 
to Group 1, therefore, there is an abnormal gradient between the two 
halves of the body. Since excitability remains essentially intact on the 
normal side, we do find extinction on stimulation of symmetrical points 
in these cases. The lack of dominance between homologous areas, seen 
in the normal or diffusely pathological nervous system, has been altered 
due to the transverse gradient established between the two sides of the 
body. The method of bilateral simultaneous stimulation was first 
developed in this type of patient, i.e. hemianopsia or hemiplegia due to 
focal brain injury, and symmetrical stimuli were arbitrarily the first 
stimulus patterns employed. Dominance of the unaffected side was 
found, of course. However, even in the presence of this abnormal trans- 
verse gradient, the normal gradients along the longitudinal axis of the 
body take precedence. Thus, in studies of double simultaneous stimula- 
tion in hemiplegia Bender, Shapiro and Schappell report (1949) that 
“Method A (the simultaneous stimulation of homologous areas on the 
two sides of the body) did not reveal sensory defects as frequently as 
Methods B or C.”” They concluded that “‘ the most effective technique 
for eliciting the phenomenon of extinction was found to be Method B, 
the simultaneous stimulation of non-homologous regions on the two sides 
of the body, such as the face on the healthy side and the hand on the 
hemiplegic side.’’ Method A yielded extinction as a result of a transverse 
gradient. But Method B was most effective because the effects of the 
normal longitudinal and pathological transverse gradients were super- 
imposed. 

The present study also helps qualify the concept that patients with 
organic brain disease “ cannot attend to two stimuli at once.”’ We find 
that the ability to report two simultaneous stimuli is not an absolute, 
but rather a relative defect depending upon the relative dominance of 
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the areas stimulated. Thus there may be errors in face-hand tests but no 
difficulty with a symmetrical pattern such as both sides of the face or 
both hands. This is analogous to Lashley’s results in visual psycho- 
pathology. He found that animals with experimentally isolated area 
striata may identify and remember dot arrangements in simple geometric 
forms—whereas the same number of dots in random position are not 
identified or remembered (Goldstein, 1949). 

That the identity of location on each side of the body may indeed 
facilitate the perception of the two stimuli as a psychological unity was 
suggested by the verbal reports of the patients. A frequent response 
‘ncountered when two homologous areas were touched was for the 
patient to say “the same” or “ both in the same place,” and then to 
point correctly to the two spots stimulated on opposite sides of the body. 
by contrast, when non-homologous areas are tested two different loci 
must be remembered momentarily in order to be reported. 

Finally, the fact that the plane of bilateral symmetry is also that of 
vravity relates the phenomena described to the mechanisms for equili- 
brium and spatial orientation. Halpern has reported cases of unilateral 
brain disease in which the perception of vertical and horizontal directions 
on the skin surface was systematically altered in the same direction as 
the alteration in visual spatial coordinates (Halpern, 1949). In discussing 
tropistic orienting behaviour in lower organisms, Maier and Schneirla 
state: “It is unnecessary to dwell upon the fact that it is cephalic 
dominance and bilateral symmetry in sensitive and locomotor equipment 
which give these orienting adjustments their character’ (Maier and 
Schneirla, 1935). It is apparent that in the use of the method of double 
simultaneous stimulation we have encountered in man a broad biological 
principle of dominance along the longitudinal axis and_ bilateral 
svmmetry. 

SUMMARY 

(1) The method of double simultaneous stimulation reveals defects in 
cutaneous perception in normal adults during recovery from general 
anvesthesia. 

(2) There is a differential susceptibility of the patterns of stimulation 
to the effects of the anesthetic. At the same stage of recovery, 
asymmetrical patterns may elicit marked defects, while symmetrical 
stimuli are reported accurately. 

(3) Symmetry is also shown to be an organizing factor in the displace- 
ment phenomena seen on bilateral simultaneous cutaneous stimulation. 

(4) A theoretical basis for relation of the presented findings to other 
phenomena of symmetrical cutaneous areas is discussed. 
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THE DIAGNOSIS OF LESIONS OF THE SPINAL CORD IN 
ASSOCIATION WITH “OSTEOARTHRITIC” DISEASE OF THE 
CERVICAL SPINE 
BY 
JOHN D. SPILLANE ano GEOFFREY H. T. LLOYD 
Department of Neurology and Neurosurgery, United Cardiff Hospitals 


THE recognition of the importance of ‘‘ osteoarthritic ” disease of the 
cervical spine in the ztiology of lesions of the cervical cord is a recent 
development. Although the xtiology and pathology of the structural 
changes in the vertebrz are obscure and even less is known of the manner 
in which the spinal cord itself is damaged the resulting clinical picture 
is not difficult to recognize. The essential feature is a combination of 
root and long tract disturbances. These vary from case to case so that 
motor, sensory and reflex phenomena do not develop in a stereotyped 
manner. The sequence of clinical events, the neurological signs and the 
ensuing disability are revealing but variable. 

We present some observations on the diagnosis of this syndrome 
which are based on a study of 21 cases, special reference being made to 
the purely clinical aspects of the problem. 


MATERIAL 
18 of our cases are male and 3 are female. The youngest patient is 
iged 43 years and the oldest 72 years. There are 2 cases in the age group 
10 to 50 years, 8 cases between 50 and 60, and 11 between 60 and 70. 
The duration of symptoms at the time of admission to hospital ranged 
from four months to eighteen years. 


Case No. Age Duration Case No. Age Duration 
1 64M 4 yrs. 12 68 M 18 yrs. 
2 63 M_ 7 mos. 13 55 M_ 5yrs. 
3 64M  5yrs. 14 57 M_iyr. 
oe 60 M_ lyr. 15 43 M_ lyr. 
5 59 M3 yrs. 16 46 M_ Iyr. 
6 54 M 4 mos. 17 72M 4yrs. 
7 60 Fl yr. 18 56 M4 yrs. 
8 56 M_ 6 mos. 19 69 F 3yrs. 
9 56 M_ 2yrs. 20 50 M_itiyr. 

10 61 F 3yrs. 21 54M Qyrs. 
11 5 mos, 
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Tue CLINIcAL PICTURE 

The common story given by the patients was that for some months or 
years they had found increasing difficulty in getting about. The majority 
had attributed this to “‘ rheumatism ” or “ just age’ for stiffness and 
unsteadiness of the lower limbs predominated. These symptoms were 
more noticeable at some times than at others; weather was not often 
blamed. Several patients had found that they were worse on getting 
up in the morning or after sitting down for some time. At times it 
seemed as if the general progression of the disability was arrested but 
in no case was there anything to indicate a fluctuating disturbance 
characterized by remissions and exacerbations. In 10 cases the dis- 
ability reached severe proportions and in 7 walking without assistance 


became impossible. 4 were practically bedridden. In the majority of 
vases there was considerable disability within a year of the onset of 


symptoms. 

In the early phase of the illness camplaints were usually of clumsiness 
and unsteadiness with fatigability. The patient found that he could no 
longer walk briskly and without discomfort or circumspection. Common 
complaints were of aching sensations in the thigh and calf muscles, a 
tendency to walk stiffly, difficulty in negotiating uneven ground or 
trivial obstacles. Sometimes one leg felt ‘‘ leaden and lazy” and the 


patient tended to drag it in a stiff manner. “I can no longer hurry,” 
“T have to be careful,” ‘‘ The least thing trips me up”’ and “ This leg 


does not seem to clear the ground properly ” were typical of the state- 
ments made by patients to their doctors. Some patients complained 
of “‘trembling” of the legs at night while in bed or when walking. 


“Cramps ”’ in the calf muscles were mentioned frequently. Several of 


our patients had fallen as a result of these difficulties and few were 
inclined to walk in the streets unaccompanied. Mounting steps and 
getting in and out of vehicles were recognized as particularly dangerous. 
In one patient the disability progressively affected the right arm and 
leg and gave him a characteristic hemiplegic stance and gait. Another 
patient described ataxia when he closed his eyes at the washbasin each 
morning. 

Aching pains in the small of the back and about the buttocks and thighs 
were complained of in 5 cases ; ‘* rheumatism *’ was presumed to be present 
by patient and doctor. Abnormal sensations in the feet and lower limbs 
were experienced by 7 patients ; they were not pronounced. In 3 these 
consisted merely of feelings of numbness and coldness and led to a 
suspicion of peripheral circulatory disturbance. 

The appearance of symptoms in the upper limbs was not invariable 
but in some cases it actually preceded the development of complaints 
concerning the legs. Pain in one or both upper limbs was complained 
of in 10 cases. In 5 it consisted of diffuse aching about the shoulders. 
In 5 there were bouts of sharp pain radiating into one or both arms and 
sometimes accompanied or replaced by accesses of parzesthesize in the 
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hands and fingers. In 2 patients this was quite marked and was the 
presenting and most distressing of the symptoms. One of these, a dogged 
old clergyman, who had long attributed his difficulty in mounting the 
pulpit steps to “ rheumatism,’’ found that persistent numbness and ting- 
ling of his fingers and hands rendered them “ useless.’”’ Another patient 
had severe parzsthesiz and pains of a burning character in the palms 
of the hands which were bright pink in colour, tender and always unduly 
moist. 

In 5 patients pains radiated in a clear fashion from neck to hands ; it 
was rarely possible to say that only one root was implicated. Some patients 
would hold one shoulder with the opposite hand or press the affected 
elbow and forearm to the side. Pain deep in the muscles of the forearm 
was described in 2 cases. In 3 cases there was pain in the pectoral or 
sternal region, in one of which there was constant soreness and hyper- 
xsthesia across the front of the chest. Occasionally pain was felt in the 
vxilla or confined for long periods to one digit. Tenderness of the finger 
tips was complained of and several patients found that their fingers handled 
small objects such as tickets, matches, cigarettes, coins, buttons and other 
small objects very clumsily. One man could no longer light his pipe, 
another (a bank clerk) could not handle bank-notes, while several found 
difficulty in shaving and putting on collar and tie. A piano teacher 
thought she had ‘‘ rheumatism ” of the fingers because of their loss of 
dexterity ; another could not write solely because his right index finger 
was numb and weak. Objects dropping from the hands was a common 
experience and prolonged use of the upper limbs or unaccustomed 
exertion applied to them frequently led to sensations of utter weakness 
and uselessness. Several patients mentioned that the forearms and 
hands would tremble after such usage. Where definite weakness of some 
movement of the upper limb was complained of muscular wasting was 
usually detected. Sometimes muscular atrophy was actually observed 
by the patients in the muscles of the hands or about the shoulders and 
occasionally fibrillation was reported. 

There was a history of injury which may have caused trauma to the 
cord in 2 cases. On direct enquiry many patients said that they had 
noticed periodic stiffness of the neck but it was never a prominent symptom 
ind rarely mentioned voluntarily. Occasionally a relative would com- 
ment that the patient held his neck stiffly or tended to walk with his 
head thrust forward somewhat. 4 patients complained of electric shock- 
like sensations down the spine and into the lower limbs on forward 
flexion of the neck. Few patients made mention of pains in the head and 
occipital region. Disturbance of urinary sphincter control was present 
in 4, 

EXAMINATION 


=— 
Neck movements.—In only 2 cases was there obvious limitation of 
neck movements. In 7 certain movements were restricted and painful, 
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In the remaining 12 cases the neck was apparently normal yet several 
of these patients were severely disabled. 


Gait.—2 patients were bedridden and 4 were confined to the house. 
Mobility was considerably restricted in 13 cases (i.e. they could only walk 
for distances of a few hundred yards). In the remaining 2 cases the gait 
was only slightly affected. 


Cranial nerves.—No abnormality was observed. Nystagmus, cervical 
sympathetic disturbance and exaggeration of the jaw-jerk were not 
encountered. 


Motor system—wpper limbs: In 9 cases there was no weakness, 
wasting or fibrillation of the muscles of the upper limbs. In 8 cases some 
abnormality was detected on both sides; in 5 it was confined to one 
side. In 6 weakness was diffuse and slight and there was no wasting. 


In 7 there was considerable muscular atrophy with fibrillation and of 


these the proximal muscles of the limb were chiefly affected in 6, the 
distal muscles in 1. 

The reflexes of the upper limbs: In 9 cases there was bilateral and 
symmetrical hyperactivity of the biceps, triceps and radial reflexes. 
In 8 of these cases brisk flexor movements of the fingers were produced 
directly (by tapping the palmar surface of the slightly flexed fingers) 
and indirectly when eliciting the biceps and radial reflexes. 

In 2 cases the only reflex abnormality consisted of the reduction or 
absence of the biceps, triceps and radial reflexes (unilaterally in 1 case; 
bilaterally in 1 case). 

In the remaining 10 cases there was a striking variation in the 
behaviour of the arm reflexes. This differential activity can be 
summarized as follows : 

(a) 7 cases showed “inversion ”’ of the radial reflex, unilaterally in 4 ; 

bilaterally in 3 cases. 

(b) 3 cases ; no “ inversion ” of the radial reflex. 

(i) Bilateral increase of biceps and radial reflexes accompanied 
by finger flexion. Right triceps reflex normal. Left triceps 
reflex diminished. 

(ii) All reflexes increased bilaterally except right triceps reflex 
which was diminished. 

(iii) All reflexes absent bilaterally except left triceps reflex 
which was increased. 


Abdominal reflexes were absent in 18 cases ; reduced in 2; and lost on 
one side in | case. 


Lower limbs : Unequivocal evidence of pyramidal disturbance, usually 
bilateral, was recorded in each case. Weakness and hypertonicity of 
varying degree were constant. Clonus at the knees and ankles. was 
present in 5 cases. Extensor plantar responses were elicited in 17 cases 
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(bilateral in 11). The knee-jerks were invariably hyperactive ; the 
ankle-jerks were hyperactive in all but one case, in which they were 
absent. Not uncommonly the muscles of the lower limbs were somewhat 
wasted but there was no fibrillation. The feet were often cold and of 
poor colour but there was no evidence of arterial occlusion. 

Sensory system.—Disturbances of sensation were less marked than 
those of motor function and reflex activity. 

Upper limbs: In 12 cases there was no alteration of sensibility. In 
1 case there was only blunting of appreciation of pin-prick and light 
touch in the fingers of both hands. 

In 2 cases the abnormality was confined to one side. In the first of 
these considerable loss of vibration sensation in the right upper and 
lower limbs and right side of the trunk up to the level of the lower cervical 
spines comprised the only sensory abnormality. In the second case all 
forms of sensation were impaired on the right side below C3 level. The 
loss was practically complete from C3 to C6 dermatomes inclusive. 

In the remaining 6 cases superficial and deep sensation were impaired 
in varying degree and extent in both upper limbs. In one of these there 
was a sensory level at C4 below which all forms of sensation were prac- 
tically lost in the upper and lower limbs. In another case there was 
striking hyperzsthesia of both hands: the palms were bright pink and 
moist and the small muscles of the hands were tender. In the other 
t cases sensory impairment was not confined to the distribution of one 
or more cervical roots but was rather evenly distributed in the fingers 
and hands on each side. 

Lower limbs : In 5 cases there was no abnormality. In 7 there was 
slight loss of deep (vibration and joint position) sensation in the feet. 
In the remaining cases deep sensation was more affected than superficial 
sensation. Vibration sensation was severely reduced below the lower 
cervical or upper dorsal levels in 4 cases. Joint position sense was much 
less severely affected. 

In no case was dissociated anesthesia observed. 


CEREBROSPINAL FLUID 
There was no case of complete manometric block ; in 1 case there was 
partial block. Flexion and extension of the neck did not significantly 
influence the manometric findings. The protein content of the cerebro- 
spinal fluid was raised in 5 cases (70, 72, 75, 75 and 78 mg. per cent). 


RADIOLOGY 
Plain radiograms.—We are not here especially concerned with 
describing and discussing the nature of the changes which occur in the 
cervical spine. Briefly they are as follows : 
(i) Alteration of the normal lordotic curve. 
(ii) Narrowing of intervertebral spaces. 
(iii) Arthritic changes in the neurocentral joints. 





182 JOHN D. SPILLANE AND GEOFFREY H. T. LLOYD 


(iv) Projections by osteophytes from the margins of the vertebral 
bodies anteriorly and posteriorly. These spurs narrowed the 
corresponding intervertebral foramina and were responsible for 
elevation of the dura and for the production of ridges across the 
anterior surface of the spinal canal. 


In 3 cases the whole cervical spine was affected. In 2 the changes were 
confined to one intervertebral level (C5/6 and C5/6). The lower part of 
the cervical spine was more frequently involved than the middle and 
upper levels. Thus, the disc spaces at V5/6 and 6/7 escaped involvement 
in only 1 case, whereas at C3/4 and 4/5 they were normal in 9 cases. 
Changes at C5/6 were actually observed in 19 cases. Subluxation of 
C4 on C5 was present in 2 cases. In 3 cases there was also radiological 
evidence of disc degeneration with osteophyte formation in the dorsal 
and/or lumbar spine. 

Myelography.—The abnormalities revealed by lumbar myelography 
carried out in the prone position on a tilting table under fluoroscopy 
are characteristic. The myodil column is held up in the cervical region 
sometimes for several minutes though the patient is tilted head-down 
(often to 70 degrees) with the neck fully extended. ‘Tilting must be 
carried out very slowly. It was clear that the arrest occurs opposite 
intervertebral spaces but not always across the whole width of the 
spinal canal. Sometimes the myodil trickles slowly past on one or both 
sides while it is held up at the centre. The manner in which the progress 
of the myodil cranialwards is interrupted opposite succeeding inter- 
vertebral spaces is most convincing. Not infrequently only a small 
amount of myodil manages to negotiate these obstacles and arrives 
at the upper reaches of the spinal canal. Signs of a gross character were 
observed in 13 of our 21 cases. 

Radiographs of the myodil column showed two characteristic features. 
Antero-posterior views recorded the arrest seen on screening and con- 
firmed that it always occurred opposite disc spaces : transverse breaks in 
the myodil column at different levels were actually recorded in 11 cases 
and observed on screening in others. Lateral views revealed pathological 
indentations in the anterior surface of the myodil column in all cases. 
In 11 there were one or more complete breaks in the column of myodil. 

When the results of myelography are compared with the plain views 
of the cervical spine it is apparent that a high degree of correlation 
exists. Taken together there is good evidence that the spinal canal is 
narrowed at certain intervertebral levels by spurs and/or transverse 


ridges across the anterior surface of the spinal canal. The disc space is 
not invariably narrowed where the myodil is indented. 


DIFFERENTIAL DIAGNOSIS 


This clinical syndrome is not difficult to identify although it may be 
said to resemble superficially certain primary degenerative conditions 
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of the spinal cord such as disseminated sclerosis, subacute combined 
degeneration and amyotrophic lateral sclerosis. The absence of 
remissions and of any evidence implicating the cranial nerves together 
with the late age of onset are features which do not suggest disseminated 
sclerosis. In our cases the story is one of progressive disability which 
iithough sometimes halting is never characterized by fleeting and 
recurrent episodes of weakness and disturbed sensation. The view that 
lisseminated sclerosis beginning in middle life often confines itself to the 
spinal cord is one which may require reconsideration. Certainly some 
of our patients had been diagnosed as examples of disseminated sclerosis 
and without a knowledge of the syndrome we describe this is not 
unexpected. 

Two of our patients had been receiving treatment for subacute com- 
bined degeneration. The blood and marrow were normal but in both 
there was achlorhydria : it was histamine-fast in one case. The latter 
has probably determined the diagnosis in cases of spinal cord disease 
more often than is perhaps justified. It is an occasional finding in 
patients in the fifties and sixties. The classical picture in which pares- 
thesiz in the four extremities is the outstanding complaint and which is 
followed by the development of sensory spinal ataxia without pain in the 
neck, trunk or limbs was not met with in this series. Although various 
ibnormal sensations in the feet were complained of from time to time 
they were not constant or outstanding and only rarely were they des- 


cribed as like “ pins and needles.’ They were not necessarily accompanied 
by similar symptoms in the fingers and glossitis was never present. Loss 
of the ankle-jerks was observed in only one case ; in the remainder they 


‘ 


were hyperactive. Here again, in the past, some “ atypical’ forms of 
subacute combined degeneration may in fact have been examples of this 
syndrome. There has never been convincing evidence that subacute 
combined degeneration is a malady which can develop in the absence of 
histamine-fast achlorhydria or in association with non-megaloblastic 
anemias. Similar doubt must exist about untreated cases which do not 
eventually develop anzmia or in which pyramidal signs are not followed 
by evidence of involvement of the posterior columns. The impression is 
that in the past unusual features such as these have been explained 
away too lightly. 

When atrophy of the small muscles of one or both hands makes its 
appearance in middle life and there has been no pain or parzsthesiz the 
presence of brisk arm reflexes and fibrillation leaves little doubt about 
the diagnosis of progressive muscular atrophy. But if weakness and 
wasting affects firstly the muscles of the upper arm or if spastic weakness 
of one lower limb is the presenting feature then consideration must be 
given to the possibility of disease of the cervical vertebrae. We have found 
that when pain in the arm of a definite character has been complained 
of, even though intermittently and perhaps some months before the 
onset of weakness and wasting, motor neurone disease is unlikely. 
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It is true that some patients with progressive muscular atrophy find 
that the affected arm is heavy and aches after use but sharp pains across 
the shoulder and into the arm and fingers do not occur. The muscles 
that are wasted are never tender and of course there is no sensory loss. 
Complaints are sometimes made in progressive muscular atrophy of 
feelings of coldness of the fingers but more distinctive forms of parees- 
thesiz and involvement of some digits with sparing of others do not 
occur. In the present series, however, there were several cases in which, 
in the upper limbs, wasting with or without fibrillation was associated 
with little or no sensory loss. Fibrillation in motor neurone disease is 
usually more constant and widespread: all the arm reflexes are equally 
exaggerated. Differential behaviour of these reflexes is a rare observation 
in motor neurone disease while exaggeration of the jaw-jerk so often 


present in that condition was not observed in any of the cases in the 


present series. 

In the lower limbs unilateral impairment of vibration sensation when 
the initial disability consists of spastic weakness of a leg is a most 
important sign. The reduction of this form of sensibility with age rarely 
develops unilaterally. Lastly, it should be borne in mind that in motor 
neurone disease life is rarely prolonged more than three years. In 3 cases 
of this series it was excluded solely on this basis. 

Finally there 1emains the problem of tumour of the cervical cord. 
It is when symptoms and signs are unilateral or when there is a definite 
sensory level that difficulty may be experienced. This problem arose 
in 3 of our patients but the protein content of the cerebrospinal fluid and 
the manometric findings were normal in each case. <A long history is 
more likely to indicate cervical vertebral disease. 

In addition, in each of these diseases there may be radiological evidence 
of degenerative changes in the cervical spine and myelography may be 
necessary. Allen (1952), however, has not found this procedure essential. 
Quite marked radiological changes may occur in later life without any 
evidence of root or cord compression Such complications are not 
inevitable and the clinician cannot by examination of the radiographs 
alone forecast the clinical picture. Why this should be is not known. 
Spurs and transverse ridges across the anterior surface of the spinal 
canal may be present without evidence of root or cord damage. The 
latter only develop in a percentage of cases. There is nothing to suggest 
that in our patients encroachment on the spinal canal was a rapid process. 
Movements of the cord within the abnormal canal may contribute to the 
neural complications. 

In our hands myelography is not necessarily abnormal when there is 
radiological evidence of cervical ** osteoarthritis and in patients with 
subacute combined degeneration, amyotrophic lateral sclerosis and 
disseminated sclerosis (over the age of 40) we have not observed any of 
the myelographic abnormalities we have described above. 
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Tue SIGNIFICANCE OF THE REFLEX CHANGES IN THE UPPER LIMBS 


When there is dissociation of the reflexes of the upper limbs such 
ffections as disseminated sclerosis, subacute combined degeneration 
nd amyotrophic lateral sclerosis are unlikely to be present. Uniformity 
f the reflex activity in the upper limbs is then the typical pattern 
ithough naturally in disseminated sclerosis the responses may be 

symmetrical. Unlike the extensor reflex in which the triceps is the only 
nuscle concerned, the flexor reflex of the arm involves several muscles 

iiceps, brachialis, brachioradialis and the long flexors of the fingers). 
But although tapping the lower end of the radius may elicit several 
simultaneous flexor responses in normal individuals the complete absence 
of movement at the elbow in the presence of brisk finger and wrist 

exion constitutes a distinctive and valuable sign. In our experience 
this is most commonly encountered in a convincing manner in two 
sroups of cases. Firstly, those examples of minor injury to the cervical 
cord described by Walshe and Ross (1936) and secondly in patients 
suffering from the syndrome under discussion. Naturally, it is also 
observed in appropriate instances of cervical cord tumour .and syringo- 
myelia. It is probably true to say, as did Wartenberg (1945), that the 
»henomenon does not consist of ‘* replacement ” of one reflex by another. 
The loss of the reflex response at the elbow does not cause exaggeration 
of the flexor responses at the wrist and fingers. A transverse lesion of 

he cord at C5/6 results in loss of the flexor movement at the elbow due 

o interruption of the reflex are and associated involvement of the 
pyramidal tract results in exaggeration of the flexor movements of the 
ingers. 

This so-called ‘‘ inversion of the radial reflex ’’ was observed in 7 of 
our eases. ‘ Inversion ”’ of the triceps reflex (paradoxical triceps reflex, 
flexion taking the place of extension) was not observed. Neither did we 
identify any paradoxical reaction of the biceps reflex (extension replacing 
flexion). 

SUMMARY 

An account is given of the clinical picture which develops when 

osteoarthritic disease of the cervical spine results in spinal cord and 
root involvement. 

The history and clinical examination together enable a diagnosis to 
be made in the majority of cases. Differential activity of the reflexes of 


the upper limbs, including “inversion” of the radial reflex, is an 
important though not constant observation. Dissociation may also be 
observed between the motor and sensory signs in the upper limbs. 
Considerable muscular atrophy with fibrillation may be present with 
little or no sensory loss. 


As experience of this syndrome is gained myelography may not even- 
tually be considered essential for diagnosis. It does, however, aid in 
revealing the degree and levels of the deformities of the spinal canal 
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which result from encroachment of osteophytes and the formation of 


ridges. In our experience myelography is not necessarily abnormal in 


all cases in which the cervical spine is affected but the presence of cord 
signs was always accompanied by myelographic abnormality. In patients 
with diseases which may resemble this syndrome—disseminated sclerosis, 
amyotrophic lateral sclerosis, and subacute combined degeneration- 

myelography has been normal despite the occasional association of 


disease of the cervical spine. 
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INTRODUCTION 

THE earliest references to spondylitis as a cause of paraplegia appear to be 
those of Striimpell (1888), Marie (1898) and von Bechterew (1899). Horsley 
in 1892 (Taylor and Collier, 1901) successfully operated on what appears 
to have been a case of traumatic protrusion of a cervical intervertebral 
dise. Bailey and Casamajor (1911) discussed osteoarthritis of the spine as 
. cause of compression of the spinal cord and its roots, and reported 
» cases. They suggested that the primary pathological change was thin- 
ning of the intervertebral discs, that this led to trauma to the bodies of 
the vertebrae and this in turn to bony overgrowth, tending at first to be 
situated anteriorly and laterally and later posteriorly. They pointed out 
that posterior exostoses might compress the spinal cord, but the cervical 
cord was not involved in any of their cases. Nathan (1916) described the 
experimental production of bone and joint lesions in dogs, and suggested 
that a spinal inflammation might cause compression of the spinal nerves 
or of the spinal cord or of both. Elliott (1926) appears to have been the 
first author to describe how spinal arthritis involving the cervical region 
might give rise to radicular symptoms by causing narrowing of the 
intervertebral foramina. Stookey (1928) described compression of the 
spinal cord due to ventral extradural cervical chondromas, which he 
divided into three groups clinically : (1) those causing pressure on the 
ventral part of one-half of the spinal cord, (2) those compressing both 
halves ventrally, and (3) those placed more laterally and so causing root 
compression. He discussed the surgical approach to these lesions. 
Elsberg (1928) in a paper on extradural spinal tumours mentioned that 
7 out of 46 were chondromas arising from intervertebral discs, and he 
devoted a later paper (1931) to this lesion, which he described as extra- 
dural ventral chondroma or ecchondrosis. He reported 15 cases, of 
which 9, or 60 per cent, were in the cervical region, and pointed out that 
they occurred predominantly in early or advanced middle age. He said 
that the prominence formed by the growth was usually a little to one or 
other side of the middle line, though it might extend transversely from 
one side towards the other. Pathologically there was no great difference 
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in the histological appearance between an ecchondrosis and normal 
cartilage : Elsberg therefore regarded the tumours as local hyperplasias. 
He described the clinical picture of an incomplete lesion of the cervical 
cord, and mentioned that in the presence of these tumours both the 
composition and the hydrodynamics of the cerebrospinal fluid might 
be normal. Stookey and Elsberg were the first surgeons to report the 
operative removal of chronic cervical intervertebral disc protrusion. 
Keyes and Compere (1932) discussed the embryology, physiology and 
pathology of the intervertebral disc. 

Peet and Echols (1934) first suggested that the lesion which had 
hitherto been called a chondroma or an ecchondrosis was really a pro- 
trusion of the intervertebral disc itself. They reported 2 cases of 
herniation of the nucleus pulposus, one of which compressed the cervical 
cord and the other the cauda equina. They observed that microscopically 
the lesion consisted of a few cartilage cells scattered through a relatively 
acellular matrix and thus resembled the normal nucleus pulposus. There 
was nothing to suggest either inflammation or neoplasm. Nachlas (1934) 
first drew attention to the reference of pain to the chest from these 
lesions involving the cervical spine, and its resemblance in some cases 
to that of angina pectoris. Mixter and Ayer (1935) reported operations 
on 34 cases of protruded intervertebral discs of which 8 were situated 
in the cervical region, 7 being mid-line protrusions and the eighth laterally 
placed. Hanflig (1936) discussed cervical spondylitis as a cause of pain 
in the shoulder and arm and mentioned reference to the chest wall 
through the innervation of pectoralis major and minor. Hawk (1936) 
reviewed the literature and added 10 cases from the National Hospital, 
in only one of which the disc protrusion was cervical. Turner and 
Oppenheimer (1936) reviewed 50 reported cases of segmental neuritis 
due to arthritis of the cervical spine. They mentioned that relief could 
be obtained from neck traction by means of a Sayre sling extension with 
a block and tackle. Love and Camp (1937) briefly mentioned 5 cases of 
cervical intervertebral disc protrusion among 50 consecutive cases of 
disc protrusion operated on. Love and Walsh (1938) found 6 cases of 
cervical disc protrusion among 100 cases of dise protrusion operated on 
at the Mayo Clinic, and the same authors (1940) stated that in 500 
cases of disc protrusion 96 per cent occurred in the lumbar region. 
Stookey (1940) amplified his earlier paper, but without stating the number 
of his cases. He pointed out that protrusion of cervical intervertebral 
dises occurred chiefly in males in late middle life, the average age in his 
series being 53. He distinguished three clinical pictures, (1) the syndrome 
of bilateral ventral pressure indistinguishable from compression of the 
spinal cord by a tumour in the same situation, (2) unilateral ventral 
pressure tending to produce a Brown-Séquard syndrome, and (3) nerve- 
root pressure ; and said that great care was needed to draw conclusions 


from the manometry of the cerebrospinal fluid in cases of slight cervical 
disc protrusion. He described the operative technique. 
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The production of radicular symptoms by the acute protrusion of a 
cervical intervertebral disc was discussed by Semmes and Murphey 
1943) and Bucy and Chenault (1944). Semmes and Murphey reported 
} cases operated on and | unverified case, and Bucy and Chenault 1 case 
verified by operation. Semmes and Murphey pointed out that the pain 
of acute cervical dise protrusion may be accompanied by dyspnoea and 
may closely simulate the pain of coronary occlusion. Elliott and Kremer 
1945) reported 8 cases of protrusion of a cervical intervertebral disc 
with an acute onset of symptoms, and drew attention to the value of 
‘-ontrast myelography in diagnosis. Spurling and Scoville (1944) report 
\2 verified cases of ruptured cervical intervertebral disc. They believe 
that central protrusion of a disc is usually the result of trauma and 
tends to cause compression of the spinal cord while lateral protrusions are 
usually the result of degeneration and cause pain in the shoulder and 
upper limb. They discuss the symptomatology with special reference to 
the upper limb and advise a trial of conservative treatment with traction 
yn the head, and operation if this fails. Bradford and Spurling (1945) 
accept the anatomo-clinical division of cervical dise protrusion into 
lateral, anterolateral and mid-line protrusion and discuss the symptoma- 
tology of all three types. They found that manometry of the cerebrospinal 
fluid demonstrated a complete block in one-third of their cases, a partial 
block in one-third, and no abnormality in the remaining third. They 
ittributed the poor results obtained by operation in the cases with com- 
pression of the spinal cord to the existence of irreversible changes in the 
interior part of the spinal cord produced by the repeated traumatization 
which must occur, owing to movement of the neck. Keegan (1947) dis- 
cussed lateral cervical dise protrusion with special reference to the 
dermatomal distribution of sensory symptoms. 

Bull (1948) correlated the anatomy of the joints of the cervical spine 
with the mode of production of the symptoms caused by their disease 
ind their abnormal radiological appearances. He drew attention to the 
importance of the neuro-central joint of Luschka and pointed out that 
the presence of osteophytes invading the intervertebral foramen does 
ot necessarily mean pressure on the nerve, and conversely the absence 
of osteophytes does not exclude pressure on the nerve, for the pressure 
may be due to swollen periarticular tissues which do not cast a shadow 
on the X-ray film. Brain (1948) discussed the importance of vascular 
factors in disturbing the functions of the spinal cord for some segments 
below the site of compression and drew a distinction between acute 
cervical dise protrusion, often traumatic in origin and more likely to 
compress the nerve roots than the spinal cord, and chronic protrusion 
issociated with osteophytic outgrowths and responsible for compression 
of the cord in most of the cases in which it occurred. Barnes (1948) 
discussed the protrusion of intervertebral discs in relation to injuries of 
the cervical spine and drew attention to the group of patients in whom 
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damage to the spinal cord is produced by hyper-extension of a neck which 
is already the site of osteoarthritic changes. 

Frykholm (1951) has recently published a monograph which, though 
concerned only with cervical nerve-root compression, includes a compre- 
hensive review of degeneration of the intervertebral discs. He distinguishes 
two different types of disc protrusion : (1) the nuclear herniation and 
(2) the annular protrusion. The first type, which forms a well-localized 
mass, is due to the extrusion of nuclear material through a tear in the 
annulus. The second type, which may be either localized or diffuse, 
is due to the bulging of the annulus. In both types the size of the initial 
protrusion may gradually increase owing to the addition of new tissues. 
A nuclear herniation is originally soft, but may be transformed into a 
fibrous or cartilaginous mass in which calcification may occur. An 
annular protrusion is originally fibro-cartilaginous, but may gradually 
become similarly calcified. 5 out of 25 disc protrusions studied by this 
author were of the soft variety, showing the features of true herniation 
of the nucleus pulposus. The remaining 20 were solid and fibro 
cartilaginous, and usually more or less calcified. It was therefore 
impossible to determine whether they had started as nuclear herniations 
or annular protrusions. 

Frykholm offers the following topographical classification of disc 
protrusion. 

(1) Dorsal protrusions which are entirely intraspinal and emerge 
from the main part of the disc. These may be (a) dorsomedial, capable 
of producing bilateral cord compression, (6) paramedian, capable of 
producing unilateral cord compression, and (c) dorsolateral, capable of 
compressing the nerve roots intraspinally against the lateral part of the 
vertebral lamina, (2) intraforaminal protrusions, emerging from the 
uncinate part of the disc and compressing the radicular nerve against 
the articular processes, and (3) lateral protrusions, also emerging from 
the uncinate part of the disc, and capable of compressing the vertebral 
artery and vertebral veins ; and finally (4) ventral protrusions emerging 
from the ventral margins of the disc. Frykholm, however, points out 
that often two or more of these types are combined. 

The pathological lesion responsible for radicular symptoms is described 
as a root-sleeve fibrosis, and characterized by thickening and opacity 
of the dural root-sleeve and adjacent parts of the dural sac, accompanied 
by thickening and fibrosis of the arachnoid membrane in the vicinity of 
the root ostia. 


This paper is based upon a series of 45 cases of cervical spondylosis. 
In 38 of these there was unequivocal evidence of a lesion of the spinal 
cord. When symptoms and signs are limited to the upper limb it is some- 
times difficult to know whether to attribute them to a lesion of the 
nerve-roots or to one of the corresponding segments of the spinal cord, 
but in the remaining 7 cases it appeared probable that the lesion was 
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radicular. Since the radicular symptoms of cervical spondylosis have 
been studied by a number of authors recently, we have considered chiefly 
the effects of the disorder upon the spinal cord. Our pathological 
material is derived from 8 fatal cases. 

Since it is now generally agreed amongst pathologists that the spinal 
esion is not inflammatory but degenerative, the term spondylosis is 
preferable to spondylitis. Some ambiguity may arise from the term 

protrusion of the intervertebral disc,” if this is used without further 
explanation, and to avoid this it is necessary to anticipate our con- 
clusions on this point. In cervical spondylosis an intervertebral disc 
may be said to be protruding in the sense that there is a projection from 
it, usually situated posteriorly, and composed of cartilage and bone in 
varying proportions. We have failed to find in these projections any 
tissue suggesting that they originate in the nucleus pulposus, and we 
have found no evidence which suggests that it is likely that they are 
commonly preceded by a nuclear herniation. Though they are pro- 
trusions, therefore, they are not herniations. Our investigation has 
vielded support for the view put forward by one of us (Brain, 1948), and 
idopted by Frykholm (1951), that herniation of the nucleus pulposus of 
in intervertebral dise in the cervical region, whether occurring spon- 
taneously or as a result of trauma, is nosologically different from disc 
protrusion in cervical spondylosis. In the latter the intervertebral disc 
is the site of a degeneration which evokes an osteophytic reaction in the 
hodies of adjacent vertebre. Such degenerated discs may or may not 
protrude. 

We have incorporated in the section on pathology summaries of the 
histories and clinical findings in the 6 patients who were fully investi- 
vated pathologically. In the section on symptomatology we have analysed 
the clinical picture in all the cases. 


AGE AND SEX 
The average age at which symptoms began was 49. The youngest patient 
was aged 14 at the onset and the oldest 70. Three-fifths of the patients 
were between 40 and 59 when symptoms began, 13 being in the 5th 
decade and 14 in the 6th decade. 31 were males and 14 were females. 


RELATIONSHIP TO TRAUMA 


No history of trauma was given by 29 out of our 45 patients. The 
remaining 16 fall into three groups. 


(1) In 6 cases the patients gave a history of a fall or head injury which 
preceded the onset of symptoms by months or years. 

(2) 2 patients sustained a similar injury at some time after the onset 
of their symptoms, but there was no evidence that the injury 
caused any exacerbation of the condition. 
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(3) In 8 cases the trauma was followed by the immediate development 
of symptoms which then appeared for the first time and had 
existed up to the time of the examination. 


We have not included in this series any example of acute traumatic 
protrusion of an intervertebral disc occurring in a spine showing no 
radiological evidence of previous abnormality. The third group, therefore 
consists of patients with radiological signs of long-standing spondylosis 
in whom symptoms were produced for the first time by head injury. 
Although it is impossible to exclude the possibility that the trauma 
may have contributed to the development of the spondylosis in the 
patients in Group 1, and may have exacerbated it in Group 2, the numbers 
in these groups are small and afford little evidence that trauma is an 
important causal factor in the production of cervical spondylosis in 
general. In Group 3, on the other hand, the supervention of injury 
upon a pre-existing symptomless cervical spondylosis led to severe 
damage to the spinal cord which in 2 cases proved fatal. The mode of 
production of this is discussed below. 


CasE HISTORIES AND PATHOLOGY 
8 of our patients died ; 6 men and 2 women. The average age at death 
was 65, the youngest being 55 and the eldest 70. In 6 cases a full examina- 
tion of the spinal cord and cervical spine was made at necropsy and in 


one case portions of the vertebra only were examined. In the eighth 
the post-mortem was done elsewhere and no detailed examination of 


the cervical cord and spine was made. 


Case 1.—M. S., a woman aged 69, was admitted to St. Mary’s Hospital, Islington, on 
31.12.49. 

Histovy.—For some years had had “ rheumatic ’’ pains in her neck. She was 
otherwise well until 31.12.49 when she fell out of bed and was unable to get back 
because of the weakness of her arms and legs. She hit her head but was not 
unconscious. Later she said that she felt ‘ like a jelly-fish.” 

Examination.—On examination there was a fluctuating hematoma on the right 
side of her forehead. There was no intellectual clouding. The movements of her 
neck were full and painless. In her upper limbs there was moderate power in the 
left deltoid and biceps, slight movement of the right deltoid and biceps and com- 
plete paralysis of the remaining muscles of the upper and of both lower limbs. 
The biceps and supinator jerks were present and equal, but the triceps, knee and 
ankle jerks and abdominal reflexes were absent and the plantar reflexes extensor. 
There were analgesia and thermo-anesthesia below C4. Loss of postural sensibility 
was complete in both hands and the right foot. Movement of the toes was 
appreciated in the left foot and tactile localization was present in the lower limbs 
There was retention of urine. X-rays showed some subluxation of C4 on C5 with 
anterior displacement of C5. There was marked narrowing of the disc space C4—5 
and C5-6. She developed a urinary infection and died suddenly on 16.1.50. 

Summary of necropsy.—Coronary occlusion. Spinal cord contusion—cervical 
osteoarthritis (Dr. O’Donovan, Holborn Mortuary). 

The cervical and upper thoracic vertebre were removed with the cord intact. 
The lower part of the cord was also removed. 
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Spinal column.—There were transverse bars or bosses corresponding to the 
discs between C2-3, C4-5, C5-6, C6—7 and C7-Thl and Thl-2 (fig. 1). The largest 
of these bars was between C4—5. This was 2-8 cm. from side to side, up to 0-8 cm. 
from above down and 0-3 cm. high, and its lateral ends encroached on the inter- 
vertebral foramina which were reduced to a crescentic opening 0-3 cm. deep. There 


Fic. 1. Fic. 2. 


1 (Case 1).—Cervical spine : posterior aspect of bodies of vertebrz showing 
trifoliate intervertebral disc-protrusions. 
. 2 (Case 1).—Anterior aspect of cervical spinal cord showing indentations into 
cord and nerve roots caused by disc-protrusions shown in fig. 1. 


was no evidence of rupture of the posterior longitudinal ligament and no subluxa- 
tion of the vertebra. There were bars corresponding to the discs between C3-4, 
C4—5 and C5-6 on the anterior surface of the vertebre. The posterior aspect of 
the lower thoracic and lumbar vertebrze showed five protuberances, the biggest 
being 1:5 x 0-3 cm., to which the dura was firmly attached. 

Duva.—This was adherent round the intervertebral foramina but it was not 
adherent to the posterior longitudinal ligament in the mid-line. 


Spinal cord and nerve roots.—There was severe flattening of the spinal cord in 
the mid-cervical region and of the proximal ends of the cervical nerve roots over 
the lateral ends of the transverse bars. The anterior aspect of the cord showed 
saucer-shaped and oval indentations corresponding to the bosses and transverse 


bars, the largest being opposite the discs between C4-5, C5-6 and C6-7 (fig. 2). 
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Sections of the cord at the level of C5 showed gross softening with evidence of 
a compression lesion (figs. 3 and 4). Below the level of the lesion there was no 
obvious pyramidal degeneration, but this was probably related to the short period 


Fic. 3. Fic. 4. 
Fic. 3 (Case 1).—Cervical spinal cord (C5), x 7, showing flattening and diffuse 
necrosis. 


Fic. 4 (Case 1).—*Cervical spinal cord, x 7, showing gross destruction and extrusion 
of necrotic material from lower segment into posterior column. 


(eighteen days) between the fall and the time of her death. The anterior root of 
the right sixth cervical nerve was compressed and showed wallerian degeneration 
of the myelin sheaths. 


Summary.—In this case the spinal compression was acute, the 
quadriplegia coming on immediately after a fall. Post-mortem there 
was evidence of cord compression with softening and destruction of 
the cord. The ‘‘ rheumatic pains ” in her neck were probably due to the 


spondylitic changes in the cervical spine. 

Case 2.—F. L., female aged 55. L.H. 28800/49. P.M. 289/49. 

History.—9 months : Weakness and stiffness of the legs with flexor spasms 
more severe on the right side than on the left. 6 months : Numbness of right leg. 
3 months : Unable to stand by herself or straighten her legs. Numbness developed 
in left leg as well as the right. 7 weeks : Incontinent of urine. 

Examination (8.7.49).—Thin, wasted woman. Movements of neck full but some 
local tenderness over C3 spine. Spastic quadriplegia. All tendon reflexes increased, 
those on the right being brisker than those on the left. Both plantars extensor. 
Relative analgesia below C3, complete analgesia below Th.6. Similar impairment 
and levels to touch, heat and cold. Severe postural loss in toes and ankles. Vibration 
sense appreciated at right ankle but not at left. 

C.V.S.—Blood pressure 110/80. 

L.P.—Pressure 130 mm. slow rise and fall on jugular compression. 1 cell. 
Protein 30 mg. per cent. Lange 011111. W.R. negative. 

X-ray of cervical spine-—Minimal osteoarthritis. No reduction in disc spaces. 

Myelogram.—Temporary arrest of myodil at fourth cervical vertebra. 

Operation (30.7.49).—Cervical laminectomy, cervical 3, 4, 5. Death occurred 
four days after operation. 
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Summary of necropsy.—Heart failure. Cervical laminectomy. The cervical and 
pper thoracic vertebrae were removed with the cord intact and kept in preservative 


r three to four weeks. 


Spinal Column.—Before removal from the body the spinal arteries were injected 
ith radio-opaque material. Radiography of the spinal column after removal 
vealed some backward dislocation of the ventral artery at the level of the disc 
tween C4 and 5. Dissection revealed a smooth grey boss beneath the posterior 
mmon ligament at the level of the intervertebral disc between C4 and 5 (figs. 5 


Fic. 5 (Case 2).—Sagittal section of cervical spine showing degeneration of inter- 
rtebral discs and protrusion of disc C4—5, with some sclerosis of adjacent parts 


vertebral bodies. 


d 6). Corresponding to this the ventral surface of the opposing theca between 
1 and C6 was densely adherent to the bone, the neighbouring parts of the roots 


eing flattened. 


Spinal Cord.—The spinal cord showed crescentic deformation at the site of the 
SS, i.e. sixth cervical segment. At this level there was grey discoloration and 
ftening of the right half of the cord. The deformity faded out in the segments 
mediately above and below. Apart from evidence of a crossed pyramidal degen- 
ition in the caudal segments, no further abnormality was observed. No wallerian 
generation was seen in the posterior root ganglia. 
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2).—Section of protruding cervical intervertebral disc. 2-3. 


Summary.—This case shows how cervical spondylosis may cause cot 


compression of fairly rapid onset, leading to paraplegia. Post-morte: 
showed destruction of the cord at the level of the transverse ba: 
corresponding to the dise between C5-6. 


ise 3.—J. G., male aged 65. L.H. 42016/49. P.M. 143/50. 


History.—Seventeen years ago he began to have severe shooting pains in tl 
knees and thighs and his legs felt weak and heavy. He was found to be sufferin: 
from diabetes and was treated with insulin. However, the weakness and stiffnes 
of the legs persisted. Six vears ago his spine had been manipulated without reli: 
of symptoms. At this time his insulin was stopped. Subsequently the pain an 
weakness of the legs increased. Four years ago he noticed tingling and pain along 
the ulnar borders of both hands and the hands became weak. Eighteen months ag 
he could walk only with difficulty and with the aid of a stick and for the last si 
months he had not walked at all. At the time of admission there were frequent 
flexor spasms of the lower limbs, so severe that he cried out with pain. Occasiona 
urgency of micturition. 


Previous history.—Nothing relevant. 


E-xamination.—Upper limbs: In the right there was severe wasting of th 
interossei, the forearm muscles and the triceps with a moderate degree of claw 
hand. On the left there was wasting of the forearm and hand, though to a less 
extent than on the right, with slight wasting of the triceps. Both triceps were 
weak. On the right side flexion and extension of the wrists were weak, on the left 
extension of the wrists, and there was gross weakness of the small muscles of the 
hands on the right and moderate weakness of the same muscles on the left. The 
lower limbs were in a position of paraplegia-in-flexion and an attempt to extend 
them passively caused severe pain. Loss of power appeared to be complete. The 
tendon reflexes were absent in the upper limbs. In the lower limbs they wer: 
exaggerated in the right and sluggish in the left. The plantar reflexes were extensor 
No loss of appreciation of light touch or pin-prick. Appreciation of passive move 
ments normal in the right upper limb, impaired in the left. Vibration sense absent 
below the costal margins. Doubtful impairment of appreciation of passive mov‘ 
ments in both feet. Spine: severe limitation of all movements of the cervica 
region, but without pain. 

Investigations.—Cerebrospinal fluid : pressure 115 mm. with slow rise on jugular 
compression, slow fall. Protein 160 mg. per 100 c.c., 5 white cells. X-rays 
Spondylosis throughout the whole length of the spine, particularly in the cervical, 
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ywer dorsal and lumbar regions. In the neck, narrowing of intervertebral disc 
3-7. 
3-4, 


spaces with posterior osteophytes and narrowing of intervertebral foramina Cé 
Ivelogram showed filling defect corresponding to the intervertebral discs Cé 
4-5, C5-6 and C6-7. 

Tveatment.—Ywo intrathecal alcohol injections having failed to abolish the 
iinful flexor spasms, laminectomy D4-5 and anterolateral chordotomy were 
erformed by Mr. Northfield. After this he was free from pain but intercurrent 
spiratory and urinary infections developed and ultimately pressure sores and he 
ed five months after operation. 

Summary of necropsy.—Cervical spondylosis. Bronchopneumonia and coronary 
herosclerosis. 

rhe cervical and upper thoracic vertebrae were removed with the cord intact 
id kept in formalin for three to four weeks. The rest of the cord was also removed. 
Spinal column.—The posterior aspect of the spinal column from C2—D1 showed 
regular protuberances, the largest being between C3—4, C4—5 and C5-6. These 
rotuberances consisted of irregular transverse bars, the largest being 2-3 cm. 
om side to side, 0-6 cm. from above down and up to 0-3 cm. high. The lateral 
nds of the bars encroached upon the intervertebral foramina. Hemisection of the 
ertebre showed that there was gross degeneration of the discs between C2-3, 
3-4, C5—6 and C6-—7. The bodies of C4—5 and partly C3 and 6 appeared harder than 
rrmal, sclerotic bone having replaced the normal tissue (fig. 7). In addition to the 
irge posterior protuberance anterior protuberances were also seen. There was 
o rupture of the posterior longitudinal ligament. 

Duva.—The dura was adherent to the posterior longitudinal ligament and was 


thickened (fig. 8). 


‘fe Fic. 8. 
Fic. 7 (Case 3).—Cervical spine showing disc-degeneration and protrusion. 


Fic. 8 (Case 3).—Thickening of cervical dura mater (top) compared with dura 
mater from dorsal region (below). 


Spinal cord.—There were irregular indentations of the anterior surface of the 
ord corresponding to the transverse bars and bosses on the posterior aspect of 
the vertebral column. Section of the cord showed flattening with destruction of 
the normal pattern at the level of C7. Below this there was degeneration of the 
iteral columns and above degeneration of the posterior columns. 
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Summary.—This patient presented a spastic paraplegia with painful 
flexor spasms. Post mortem there were marked spondylotic changes 
I pond) g 
present in the cervical spine, the largest bar being at the level of C7. 
This bar had compressed the spinal cord and acted as an extramedullary 
tumour. 


Case 4.—]. L., male aged 69. Admitted L.H. on 7.6.50. 23839/50. 


History.—33 years ago he fell on his back turning a somersault. He was not 
unconscious after this, but both arms and legs felt numb. Thirty-two years ago 
he had another heavy fall, following which his limbs again felt numb for a few 
minutes. About a month after this he began to have pains in the back of the 
legs. Thirty years ago he had an attack of severe pain in the calves associated 
with a heavy feeling in his arms. These feelings cleared up after a week. About 
a year later there was onset of numbness in the right index finger. Twelve years 
ago some loss of use and numbness of both hands and he found that he was unable 
to distinguish coins in his pocket. About this time he noticed that his knees felt 
numb, that he had some frequency of micturition and nocturia, that his walking 
was increasingly unsteady and that he kicked the toes of his shoes. 


Fic. 9 (Case 4).—Flattening and degeneration of cervical spinal cord (C5). 


Examination.—Limitation of flexion of the neck. Other movements full and 
painless. Wasting of small muscles of both hands. Fasciculation observed in right 
first dorsal interosseous. Slight increase of tone at the elbows. Grip weak both 
sides, the right hand being weaker than the left. Weakness of dorsiflexion of 
right wrist. Weakness of flexion and extension of the elbows more marked on the 
right than on the left. Arm-jerks brisk, those on the right being brisker than on the 
left. Some hypalgesia over fifth finger and ulnar border of right hand. Position 
sense impaired on right in fingers. Bilateral spastic weakness of lower limbs, 
more marked on the right than on the left. Knee and ankle jerks brisk, plantars 
extensor. Slight impairment of position sense on both sides. 


C.V.S.—Pulse 66. Blood pressure 115/80. Heart sounds normal. 


Investigations.—Cerebrospinal fluid : clear and colourless, free rise and fall on 
jugular compression, white cells 4 per c.mm., protein 100 mg. per cent. X-ray of 
cervical spine showed advanced arthritic changes with loss of disc space between 
C3 and 4. Oblique views showed osteophytes projecting into several of the inter 
vertebral foramina. Myelogram showed a transverse filling defect opposite the 
disc space between C3 and 4. There was another small filling defect opposite the 
disc between C5 and 6. W.R. negative. 


Summary of necropsy.—Cardiac failure, cardiac ischemia, cervical spondylosis. 
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The cervical column from C2—D7 was removed with the cord intact and kept in 
rrmalin for four weeks. 


Spinal column.—Laminectomy was done in the usual way. The cord was com- 
ressed between the laminze and the transverse bar and was so tightly wedged 
that a small probe was with difficulty passed alongside the dura beneath the neural 
irch at the level of C3—4. The posterior surface of the bodies of the vertebree 
howed five irregular transverse bars or bosses corresponding to the cervical inter- 
ertebral discs. The largest was between C3—4 and was 2-2 cm. from side to side, 
| cm. from above down and 0-4 cm. deep and encroached laterally on the inter- 
ertebral foramina. There was a smooth irregular boss corresponding to the disc 
vetween C5-6, 1-3 cm. from side to side, 1 cm. from above down and 0-2 cm. from 
ide to side. There were smaller irregular bars opposite C2-3 and C5-6. There 

ere three small irregularities up to 0-4 cm. diameter in the dorsal spine. 

Dura.—tThe posterior longitudinal ligament was adherent to the anterior surface 
f the dura in the cervical region (C2—7), which was thickened. 

Spinal cord and roots.—There were indentations corresponding to the bosses and 
vars on the anterior surface of the cord and there was flattening of the cord. The 
nost marked indentation was at the level of C5 and here the cord was flattened 
so that the antero-posterior diameter of the cord was 0-3 cm. (fig. 9). There was a 
smaller indentation at the level of C6. The proximal part of the spinal roots of 

4 and 6 on the left and C4 on the right were compressed by the lateral ends of 
the transverse bars. The roots of C3, 4, 5 and 6 on the left and C4, 5 and 6 on the 
right were grooved by the vertebral artery. Section at C5 showed flattening and 
listortion with destruction of the normal structure of the cord. Above the level 
»f the lesion (C5) there was some degeneration of the posterior columns and below 

degeneration of the lateral columns. 


Summary.—This patient gave a long history of symptoms referable to 
. cervical cord lesion (thirty-eight years). At post-mortem he was found 
o have a severe degree of cervical spondylosis causing cord compression 
with degeneration of the pyramidal tracts below the lesion and of the 
posterior columns above the lesion. 


Case 5.—C. L., male aged 64. 45568/49. P.M. 411/49. 

History.—Two and a half years ago he began to notice clumsiness of the hands. 
He had difficulty in manipulating his studs, the index finger being the worst. 
(here was no numbness and no pain. Six months later he began to get an aching 

the left shoulder which became sensitive. He was treated with massage of the 
eck and then developed severe pain in the region of the left shoulder which kept 
him awake and spread into the pectoral region, and then down to the outer aspect 
f the arm. Both thumbs and index fingers remained weak and the legs felt tired 
nd heavy at times. 

Previous history.—Nothing relevant. 

Examination.—Fifteen months after onset of symptoms in the upper limbs he 
id wasting and weakness of flexor muscles of wrists and fingers on both sides. 
No fasciculation. In the lower limbs no loss of power, tendon reflexes brisk and 
qual, plantars ? flexor. No sensory loss. Spine : neck movements full and painless. 
)ther joints : some limitation of movement of left shoulder. 

Investigations.—Cerebrospinal fluid : normal pressure, free rise and fall, protein 
0 mg. per 100 c.c., cells less than 1 per c.mm. X-rays of spine: all the intervertebral 
lisc spaces between C3 and T1 were narrowed. The corresponding neurocentral 
ints showed osteophyte formation encroaching upon the intervertebral foramina, 
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most noticeably the right foramen between C5 and C6 and also between C6 and 7 
and C7 and D1 on that side. On the left side C6—-7 and C7—T1 foramina were 
similarly affected. The dorsal spine showed slight lipping of the bodies. The L2 
and 3 disc space was narrowed with osteophyte formation on the adjacent bodies. 
Other joints : osteoarthritic changes were present in both shoulder-joints. 


Subsequent history.—Four months later he was still complaining of occasional 
pain in the upper and lower limbs and said that he could not walk as well as he 
used to do. There was no change in his physical signs. Five months later his 
general condition had considerably deteriorated. He was complaining of shortness of 
breath and was generally wasted. He was admitted to hospital and found to have 
carcinoma of the prostate. He died on 2.11.49. 


Summary of necropsy.—Uremia, nephritis, carcinoma of prostate. Osteoarthritis 
of the cervical spine with neurological manifestations. 

Che vertebrae C3—-T8 were removed with the cord intact and kept in preservative 
for four weeks. 

Spinal column.—On the posterior surface of the vertebrze there were bosses and 
bony ridges corresponding to the discs between C5-6, C6—-7 and C7-Tl. The 
largest was between C6—7 and was central and smooth and 1 cm. in diameter. 
There was severe narrowing of the intervertebral foramina between C5—6 and C7-T1 
on the right and between C5—6, C6—7 and C7—T1 on the left, the foramen between 
C5-6 being reduced to a crescentic opening (0-3 cm. wide). The nerve roots were 
firmly adherent to the edges of the intervertebral foramina and were with difficulty 
dissected out. 


Dura.—The dura was adherent to the posterior longitudinal ligament from 
C2-6. There were no adhesions below C6. 

Spinal cord.—The external surface of the cord appeared normal apart from a 
slight, very poorly defined depression on the anterior surface between the roots 
of C7-8. Section through this level showed poor definition and slight injection of 
the grey matter on the right. Further sections of the cord showed no obvious 
abnormality, either above or below this level. No evidence of tract or root 
degeneration. 


Summary.—This patient showed signs of root compression only. 


Case 6.—J. B., male aged 70. 40363/50. Admitted to the London Hospital 
m 8.11.50. 


History.—For six months he had had weakness and wasting of his left hand 
with difficulty in straightening the fifth finger of that hand, and for two months 
weakness of the right hand. He had also had a cough and dyspnoea on exertion 
For four to five weeks he had had occasional sharp pains in his neck and shoulders 
and occasional “‘ pins and needles ’’ in the fingers of both hands. Bowels regular, 
some urgency of micturition. No symptoms referable to the lower limbs and no 
history of injury to his back or neck. 


Examination.—On examination he was dyspneeic and slightly cyanosed with 
slight clubbing of his fingers and cedema of his feet. Cervical movements were 
painful and limited in all directions. In his upper limbs there was wasting and 
weakness of the small muscles of the left hand with fasciculation of the muscles of 
the left forearm. In the right upper limb the tone and power were normal. The 
right biceps and supinator jerks and the left biceps jerk were absent. There was 
no sensory loss in the upper limbs. In the lower limbs the tone and power were 
normal. The knee and ankle jerks were brisk and the plantars flexor. There was 
no sensory loss. He had a blood pressure of 200/100 and there was thickening of 
X-ray 


the peripheral arteries. His pulse was rapid with frequent extrasystoles. 
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f the cervical spine showed fusion of the bodies C4—5 with lipping of the adjacent 


dies above and below. 

While in hospital he became acutely dyspnoeic with an irregular pulse of 170. 
was given digitalis and his condition improved. No lumbar puncture or myelo- 

im was done. After discharge he continued to attend out-patients. There was 
change in the signs in his central nervous system but his general condition 

teriorated. He died in Whipps Cross Hospital in May 1951. 

Summary of necropsy.—Cardiac failure. Cervical spondylosis. 

Spinal column.—The cervical column from C3—D3 with the cord intact was removed 
was examined at the London Hospital after being kept in formalin for three 

four weeks. The cord and its covering was firmly held in the canal (fig. 10). 





;. 10 (Case 6).—Anterior aspect of spinal cord. Note indentations, and roughening 
caused by adhesions between dura mater and spinal cord. 


ere were adhesions between the dura and the anterior and posterior longitudinal 

iments and adhesions attaching the dura to the edges of the intervertebral 

ramina. These were irregular bars corresponding to the disc spaces between 

3 and 4, 4 and 5, 5 and 6 and 6 and 7, the largest being between C4 and 5. This 
was 2-5 cm. from side to side, 0-4 cm. from above down and 0-2 cm. high. 
masses extended laterally into the intervertebral foramina. 


vd.—The cord was flattened, the maximum deformity being at the level of 
rvical 6. Microscopically there was evidence of compression of the cord at this 
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level with signs of posterior column degeneration above the level of the lesion and 
slight degeneraton of the pyramidal tract below this level. 


Summary.—This case is an example of cervical spondylosis causing 
symptoms of root compression in the upper limbs. Post mortem there 
was evidence of both root and cord compression. 


COMMENT 

Of the 8 patients who died 2 (Nos. 1 and 8) died as a result of their 
fall, 2 (Nos. 2 and 7) died shortly after operation for relief of spinal 
compression, 1 from long-standing quadriplegia (No. 3) and 3 from 
other causes (Nos. 4, 5 and 6). 

In 6 cases disc involvement was multiple, but in the seventh (No. 2) 
one disc only was affected. In all cases sagittal section of the spinal 
column showed degeneration of the intervertebral discs, fissuring and 
the brown degeneration described by Schmorl (1932) and Beadle (1931). 
The water content of the nucleus pulposus falls from 88 per cent at 





Fic. 11. (See opposite page) 
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birth to 70 per cent in old age (Collins, 1949). The nature of this change 
has been studied by Sylvén, Paulson, Hirsch and Snellman (1951). By 
means of electron microscopy they have shown that the healthy nucleus 
pulposus consists of an intercellular matrix which is a three-dimensional 
lattice gel system containing a dense network of poorly differentiated 
collagenous fibrils and an amorphous interfibrillar substance. During 
ageing this exhibits an irregular disappearance of the amorphous mucoid 
material which is responsible for the high water-content and water- 
binding capacity of the tissue. As a result of this there is loss of turgescence 
and diminution in vertical height of the disc and this desiccation renders 
the spinal column more susceptible to injury both major and minor. 

There is increased mobility at the level of the affected disc due to 
loosening of the fibres arising from the epiphyseal ring. 

The formation of the lamellar bone is stimulated by the movement 
und gradually the transverse bar or boss is formed. On section it is seen 





Fic. 12. 


Figs. 11 and 12.—Disc protrusion C5-6 : myelogram showing narrowing of spinal 
theca on extension of neck compared with flexion. 
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to consist of fibro-cartilage, scattered groups of cartilage cells, fibrous 
tissue and new bone. 

The cord symptoms were due to direct pressure of the transverse bar 
or boss on the cord, and narrowing of the spinal canal in the antero- 
posterior direction. Interference with the vascular supply is an important 
subsidiary factor, but this is probably due to obstruction of the vessels 
by pressure rather than to an abnormality of the vessels themselves. 
In many cases this pressure may be intermittent, depending on the 
position of the neck. We have found that in most cases extension of the 
cervical spine causes the most distortion of the cord. This has been 
demonstrated by myelography (figs. 11 and 12). 

Nerve roots showed wallerian degeneration in one case only (No. 1). 
In all the others there was marked flattening of several nerve roots, but 
no histological abnormality. In all cases the dura was thickened and 
adherent to the posterior longitudinal ligaments, and the nerve roots 
were tethered by the adhesions of their dural sleeves externally to the 
edges of the intervertebral foramina, much reducing the normal mobilit, 
of the cord and rendering it more susceptible to injury. In 5 cases trans 
verse bars or bosses, similar to those present in the cervical region. 
were found at the lumbar or thoracic levels of the spine, but there was 
no evidence of cord or nerve involvement resulting therefrom. Vascular 
lesions of the cord were present in none of the cases, nor were there any 


gross abnormalities of the spinal arteries. There was no evidence of any 
other disease of the cord, meninges or vertebre than that described. 


THE DISTRIBUTION OF THE LESIONS AND THE SIGNIFICANCE OF 
,ADIOGRAPHIC ABNORMALITIES 

At the beginning of the investigation we found it difficult to interpret 
abnormalities in X-rays of the cervical spine. By studying the whole 
series, however, we have been able to correlate (1) the appearances in the 
X-rays, (2) the myelograms, (3) the findings at operation, (4) the 
symptomatology, and (5) the post-mortem findings. The routine X-ray 
films have included lateral and antero-posterior, and right and left 
oblique views, to show the intervertebral foramina, and experience has 
increasingly shown the value of additional lateral films taken with the 
cervical spine in full flexion and in full extension to reveal unsuspected 
abnormalities of movement or lack of movement at particular inter- 
vertebral joints. In myelography, 6 ml. having been introduced by 
cisternal puncture into the patient prone, the movement of the myodil 
has been watched on the screen, and lateral and antero-posterior films 
have been taken with the patients in the prone position, the medium 
being “ pooled ” in the cervical lordosis (figs. 13 and 14). 

Levels of intervertebral disc protrusion.—The protrusion of one or more 
intervertebral discs is the most important result of cervical spondylosis 
in relation to the spinal cord. It soon became apparent that the changes 
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Fic. 13.—Male, aged 56. Cervical disc protrusions verified by operation : lateral 
myelogram. 


of cervical spondylosis demonstrable on the simple X-rays could not 
always be taken as evidence of protrusion of intervertebral discs. 

Myelography in patients with normal cervical spines, combined with the 
post-mortem examination of normal spines, has shown that the normal 
intervertebral disc causes no deviation in the line joining the posterior 
aspect of the bodies of the vertebrz or only a just perceptible convexity. 
Provided the technique is adequate there should be, therefore, no 
difficulty in detecting a protrusion of an intervertebral disc in the cervical 
region on myelography. Apart from the post-mortem findings our 
estimation of the relative frequency of disc protrusion at different levels 
in this series is based upon a positive myelogram or positive findings at 
operation or, in many cases, both. For this purpose we have not drawn 
any inference from simple X-rays alone. 

Information as to the site of the disc protrusion was thus obtained in 
38 out of the 45 cases. There was a single protrusion in 18 cases and 
multiple protrusions were present in the remaining 20. In 38 cases 77 
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Fic. 14.—Same case as fig. 13. Antero-posterior myelogram. 


cervical intervertebral discs were the site of a protrusion, distributed 
as follows : 
TABLE I,—SITE OF Disc PROTRUSION IN 38 CASES 
C23 C34 C45 C5-6 C67 C7-DIl 
Single protrusions ea 7 5 
Multiple protrusions .. ‘ 13 14 


2 
0 


3 
15 11 


Total 5 20 19 18 14 

Thus protrusions of discs (2-3 are rare and a protrusion of dise C7—D1 
occurred only once in this series. Single disc protrusion occurred most 
frequently in the cases of dise C3—4 and C4—5. In multiple protrusions 
the disc between the third and seventh cervical vertebra were affected 
with approximately equal frequency. At first sight this distribution seems 
to conflict with the observations of some authors that the discs most 
frequently the site of protrusions are C5—6 and C6-7. The explanation 
no doubt depends upon the selection of cases. In those series of cases 
investigated on account of pain in the upper limb, protrusions of discs 
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C5-6 and C6-7 will be those most frequently found since it is these 
lesions which cause pain in the upper limb, whereas disc protrusions at 
higher levels are much less likely to do so. It is probable that a selection 
of cases based upon paraplegia is a more accurate account of the relative 
frequency of disc protrusion at different levels than one selected on 
account of pain in the upper limb. 


RADIOGRAPHY COMPARED WITH MYELOGRAPHY 

In 28 cases it was possible to compare the incidence of bony changes 
seen in simple X-rays with that of disc protrusion as evidenced by 
myelography. The abnormalities accepted as indicating a lesion of the 
intervertebral joints were (1) narrowing of the intervertebral disc space, 
(2) anterior or posterior osteophytes, (3) abnormalities in the articular 
surfaces of the neuro-central joints, (4) projection of osteophytes into 
the intervertebral foramina. The following table shows the incidence 
of these changes as shown in the plain X-rays compared with the evidence 
of dise protrusion on myelography : 


raBLE II.—COMPARISON OF CHANGES SHOWN ON SIMPLE X-RAYS WITH EVIDENCE 
OF Disc PROTRUSION ON MYELOGRAPHY 
C2-< C3-4 C4-5 C5-6 C6-7 
X-rays rie 1 17 17 22 11 
Myelography 3 19 14 14 10 

On the whole there is a fairly close correspondence between the two, 
but it will be seen that myelography shows a disc protrusion at the level 
of C2-3 and C3-—4 on four occasions when the plain X-rays showed no 
abnormality. Conversely at the levels of C4-5, C5-6 and C6-7 changes 
were present in the plain X-rays in 12 instances without a disc protrusion 
being shown on the myelogram. This discrepancy is particularly marked 
in the case of the articulation between the fifth and sixth cervical vertebre. 
Thus a disc protrusion may be present without any indication of 
abnormality on the plain X-ray, but more frequently changes are present 
in the X-rays without being accompanied by a disc protrusion. As our 
pathological investigations have shown, two adjacent discs may both be 
narrowed yet a disc protrusion may be present in the one case and absent 
in the other (fig. 5). If, as we believe, disc degeneration is the primary 
change it is probable that osteophyte formation represents a more 
advanced stage of the disorder. Apart from myelography the most 
reliable evidence of a disc protrusion in our experience has been the 
presence of posterior osteophytes in the lateral X-ray films, and to 
show these it is sometimes advisable to take films with less penetration. 
We would especially emphasize that gross compression of the spinal 
cord by posterior osteophytes may occur with little narrowing of disc 
spaces and no anterior osteophytes (fig. 15). Myelography with the head 
erect, flexed and extended has shown that the maximal constriction of 
the subarachnoid space by cervical disc protrusion occurs when the 
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Fic. 15.—Same case as figs. 13 and 14. Plain X-rays : note slightness of narrowing 
of discs, posterior osteophytes C3—4 and C4-5 and absence of anterior osteophytes. 


head is extended (figs. 10 and 11). Abnormal mobility of one vertebra 
upon another was sometimes seen and may increase the pressure upon 
the cord. 
CONGENITAL ABNORMALITIES OF THE CERVICAL SPINE 

Congenital abnormalities of the cervical spine were encountered in 
4 patients in this series, a significantly high incidence. In 3 cases there 
was a Klippel-Feil deformity with fusion of vertebral bodies, associated 
in one patient with spina bifida. In the fourth patient there was a fusion 


of spinous processes. It seems probable that the resulting disorder of 


mobility caused an excessive stress upon normal joints and so caused 
or contributed to the cause of the cervical spondylosis. 


SYMPTOMATOLOGY 
The symptomatology of cervical spondylosis is extremely polymorphic. 
The reason for this is that the lesion which operates as a source of 
extradural spinal compression may be single or multiple and may com- 
press the cord at any one of five different levels or at any of these com- 
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Fic. 16.—Cervical cord exposed by laminectomy : lateral disc protrusion C4-5 
compressing cord and nerve root before and after removal. 


bined, even all five. The clinical picture of compression of the spinal 
cord by a protrusion of C2-3 dise is very different from that caused by 
protrusion of C6—7 disc, and both of these from the result of compression 
hy 3, 4 or 5 consecutive discs in the cervical region. Moreover the nervous 
structures involved may be chiefly or exclusively the spinal nerve-roots 
or the spinal cord or both, and the lesion of the latter may be minimal 
or severe, and may be selective in its effect upon the long, and especially 
the pyramidal, tracts. Consequently cervical spondylosis may simulate 
. number of other disorders of the spinal cord as well as of the brachial 
plexus, and peripheral nerves of the upper limbs. 


MoDE OF ONSET 

The interval which elapsed between the onset of the first symptoms 
ittributable to cervical spondylosis and the time at which the patient 
was seen was extremely variable, ranging from one week to twenty years. 
In 43 cases it was possible to ascertain this accurately and it was: up to 
six months in 13, seven to twelve months in 10, thirteen months to two 
vears in 6, between two and five years in 7, and more than five years in 7. 
Thus it was twelve months or less in more than half the cases, but the 
long duration of symptoms in approximately one-third of the cases reflects 
the tendency of the disorder of the spinal cord to develop slowly, but 
progressively, during the first year or two and then often to remain 
stationary for many years. Symptoms may even regress if the patient 
gives up heavy work. 
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TABLE III.—INiITIAL SYMPTOMS 
( in neck 
| in one shoulder 
| in one upper limb. . 
“4 in both upper limbs 
| in chest 
Lin legs 
(in one upper limb. . 
Paresthesiz < in both upper limbs 
Lin both lower limbs 


(in one upper limb. . 
| in both upper limbs 
Weakness ..< in one lower limb.. 
| in both lower limbs 
(in all four limbs 


Vasomotor symptoms in upper limbs 


The simultaneous onset of more than one of these symptoms accounts 
for the fact that the total exceeds 45. 

Mode of onset in relation to the level of the lesion —A mere list of the 
initial symptoms, however, may be actually confusing unless it is realized 
how greatly the onset of the disorder may differ in relation to the level 
of the lesion. A protrusion of dise C3 to 4 will compress the spinal cord 
above the cervical enlargement, while a protrusion of dise C4 to 5 will 
compress the cervical enlargement at its upper limit. There are 12 cases 
of protrusion of one or other of these discs singly. In 8 cases muscular 
weakness was among the initial symptoms complained of and in 3 of 
these it was limited to the lower limbs. In only 1 case was there pain in 
the upper limb, though 3 patients complained of pain or stiffness in the 
neck, one of a girdle sensation around the chest and one of pain in the 
lower limbs. Numbness in the upper limbs was complained of twice and 
tingling in the toes once. By contrast there were 6 patients with a single 
protrusion of dise C5—6 or C6—-7, 3 of whom first complained of pain and 
one of paresthesiz in the upper limbs while the other two complained 
of weakness of one lower limb. 

When there are multiple dise protrusions the chance of a protrusion of 
C5-6 or C6—7 is obviously increased and in 12 out of 17 cases of multiple 
protrusion one or other, or both, of these discs was involved. Corres- 
pondingly pain in one upper limb was a much commoner symptom in 
this group, occurring in 10 cases, and 1 had pain in the chest which had 
been diagnosed as myocardial infarction. Paresthesiz without pain 
occurred in one or both upper limbs in 6 cases. Loss of power was much 
less frequently the first complaint. 


PHYSICAL SIGNS 
Like the initial symptom, the physical signs differ in relation to the 
site of the disc-protrusion and whether the lesion is single or multiple. 
Muscular wasting.—Several different patterns of distribution of 
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muscular wasting are encountered. (1) When the lesion involves one spinal 
nerve alone and spares the spinal cord, there is usually slight wasting in 
the muscles innervated by the corresponding segment. When the spinal 
cord is involved, there may be (2) moderately severe general wasting of 
one upper limb or (3) of both upper limbs. Alternatively there may be 
(4) moderate or severe wasting of one or both hands with or without 
wasting of the remaining muscles of one upper limb. Finally, (5) there 
may be moderately severe generalized wasting of both upper and lower 
limbs. Fasciculation is often to be seen in the more actively wasting 
muscles. 

There is less correlation than might be expected between the distribu- 
tion of the muscular wasting and the site of the lesion, for, though wasting 
of the hands is likely to be severe when the eighth cervical and the first 
dorsal segments of the cord are compressed by a protrusion of dise C6—7, 
they may be almost equally affected when the protrusion is at a higher 
level, even as high as C3-4. A lesion at this level, too, when it causes a 
substantial degree of quadriplegia, is likely also to produce generalized 
wasting of all four limbs. 


Muscle tone-—As in amyotrophic lateral sclerosis the tone of the 
muscles of the upper limbs depends upon a balance between the severity 
and distribution of the lower motor neurone lesion and the degree of 
spasticity induced by interruption of descending pathways. 


Muscular weakness.—When the lesion involves one spinal root only 
and spares the cord, the muscular weakness is limited to the muscles 
innervated by the root affected and is usually slight in degree. When 
the cord itself is compressed, weakness is limited to one upper limb in 
about one-third of the cases and present in both upper limbs in the 
remaining two-thirds. As already mentioned in the case of muscular 
wasting, it is often difficult to establish any clear-cut level of weakness in 
relation to the level of the lesion. The weakness present is naturally the 
sum of the results of the upper and lower motor neurone lesions, but it 
has been observed that one or both upper limbs may exhibit weakness 
and spasticity in all their muscles, though the disc protrusion is at the 
level of C5-6 or C6—7. Thus it would appear that the function of the 
pyramidal tracts may be impaired for one or two segments above the 
level of the cord compression in these cases. 

In the lower limbs the weakness is usually bilateral and of approximately 
equal severity, though it may be more severe on one side than on the 
other, and then usually on the side corresponding to the more affected 
upper limb. 


The degree of weakness present in both upper and lower limbs is 
usually moderate rather than severe. The patient complains of weakness 
of the grip and clumsiness of the fingers which is often increased by 
sensory loss. Most patients have been able to walk, though with difficulty 
in the more severe cases. Only a few have been bedridden, but an extreme 
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degree of quadriplegia may develop, the patient being unable to feed 
himself, and the lower limbs eventually exhibiting paraplegia in flexion 
Of special interest and importance are 3 patients who exhibited no 
motor abnormality in the upper limbs, but suffered from spastic 
paraplegia. 

The refleces—When the lesion is purely radicular the segmental 
reflexes are diminished or occasionally completely lost. Otherwise the 
tendon reflexes in one or both upper limbs are often exaggerated. A) 
inverted radial reflex has not been encountered as often as might have 
been expected, but when present is a valuable sign of a local lesion of 
the cervical spinal cord to the exclusion of disseminated sclerosis and 
diseases characterized by tract degeneration. The abdominal reflexes 
are diminished in proportion to the severity of the pyramidal lesions and 
the knee and ankle jerks similarly exaggerated, the plantar reflexes 
being usually both extensor. 


Cutaneous sensation.—Appreciation of light touch, pin-prick, deep 
pain or temperature was impaired in 30 of the 45 cases. The upper limbs 
were the sole site of the sensory loss in 17, the lower limbs in 2 and both 
were affected in 11. In the upper limbs a number of different patterns of 
sensory loss were observed. (i) Appreciation of light touch and pin-prick 
might be impaired over one or more consecutive dermatomes in one upper 
limb ; either on the preaxial or the postaxial side, (ii) this type of sensor) 
loss might be bilateral and symmetrically distributed, (iii) cutaneous 
sensory loss might be limited to the hand and distal part of the forearm 
on one or both sides. (iv) Exceptionally, loss of appreciation of pain, 
heat and cold was encountered with a distribution en cuirasse as in 
syringomyelia, extending from the third cervical to the eighth dorsal 
dermatomes on both sides. As in the case of motor function, it is not 
uncommon to find sensory loss extending to one or two dermatomes 
above the segmental level of the spinal cord compression. Cutaneous 
sensory loss was less common on the trunk than on the upper limbs. When 
present it was sometimes segmentally continuous with the anesthesia 
and analgesia on the upper limbs, sometimes separated from these by 


several segments of normal sensibility. Cutaneous analgesia was detected 
more often than anesthesia; when both were present there were no 
striking differences in their areas of distribution. 


Passive movement and vibration.—Appreciation of passive movement 
was impaired in 16 cases, and this form of sensibility was sometimes 
severely affected when cutaneous sensation was well preserved. One or 
both upper limbs were affected 14 times, one or both lower limbs 15 
times. The distribution of the loss of joint sense was as follows : one 
upper limb, 2 cases ; both upper limbs, 1 case ; one upper limb and one 
lower limb, 1 case ; one upper limb and both lower limbs, 2 cases ; both 
upper and one lower limb, 2 cases ; both lower limbs, 2 cases ; both upper 
and both lower limbs, 6 cases. Thus the commonest grouping involved 
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all four limbs. A segmental level for the loss of postural sensibility was 
sometimes encountered in the upper limbs. In one case this form of 
sensory loss was limited in the hands to the fifth digits, in another case 
to the fourth and fifth digits, while in a third all the digits of both hands 
were affected except one thumb. In general, when impairment of appre- 
ciation of vibration appeared to be due to a lesion of the posterior columns 
this form of sensation was lost earlier and more extensively than 
\ppreciation of passive movement. 

Sphincters.—Disturbance of function of the sphincters was usually 
ibsent, occurring only in those patients in whom the cord lesion was 
severe. 

The cerebrospinal fluid.—The cerebrospinal fluid was examined in 40 
out of the 45 cases. It was normal both in dynamics and composition in 
23. A slow rise and fall on jugular compression was observed in 8, and 
no rise at all was obtained in 1. 6 patients with a slow rise and fall on 
jugular compression nevertheless had a fluid which was normal in 
composition. In the remaining 2 and an additional 8 with normal 
dynamics the fluid showed a protein content ranging between 40 mg. 
and 160 mg. per cent, and in 3 cases there was a slight excess of cells, 
6. 5 and 5. 

Examination of the neck.—Protrusion of a cervical intervertebral disc 
causes pain in the neck less frequently than a lumbar protrusion causes 
low-back pain, and, except when an acute protrusion has supervened 
upon chronic cervical spondylosis, the neck movements are more nearly 
normal than might have been expected in view of the X-ray appearances. 
In many cases the neck movements are recorded as “‘ full and painless,” 
but in about half the cases slight pain is experienced on active or passive 
movement in some directions, perhaps accompanied by slight tenderness 
on pressure. Occasionally passive movement of the neck, especially 
extension, causes pain of a radicular distribution, or parzesthesiz in one 
or both upper limbs, or occasionally paresthesize irradiating over the 
trunk and lower limbs. An exaggerated cervical lordosis has been noted 
in a few middle-aged patients. It appears to be compensatory to an 
upper dorsal kyphosis and may intensify the compression of the cord by 
the protruded intervertebral discs, by reason of the diminution of the 
anteroposterior diameter of the spinal canal as the laminz close up. 


DIAGNOSIS 


Our experience has shown that cervical spondylosis is a far commoner 
cause of symptoms, and, indeed, of serious disabilities, than has previously 
been thought. The failure to recognize its importance appears to have 
been due to its protean symptomatology which may closely simulate 
that of other common nervous disorders. Three types of diagnostic 
problem are encountered. (1) The symptoms of cervical spondylosis may 
be mistaken for those of another disorder. (2) The symptoms of another 
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disorder may be mistaken for those of cervical spondylosis because 
X-rays of the neck reveal the characteristic changes, which, however, in 
that particular case, are not responsible for any symptoms. (3) Perhaps 
the most difficult diagnostic problem arises when a patient has symptoms 
both of cervical spondylosis and of some other disorder, neurological o1 
otherwise. In these circumstances the combination of symptoms of two 
independent nervous disorders may be confusing, or it may prove 
difficult to decide how much cervical spondylosis, and how much some 
other disease, contributes to the clinical picture. Examples of all of 
these which have come within our experience will now be described. 

(1) Cervical spondylosis simulating other disorders.—When the symptoms 
of cervical spondylosis are predominantly myelopathic it may simulate 
disseminated sclerosis, amyotrophic lateral sclerosis, tumour of the 
spinal cord, syringomyelia, subacute combined degeneration, as Jager 
and Moffie (1949) have pointed out, and any other condition causing 
progressive spastic paraplegia. One of our patients had been told sixteen 
years previously that she was suffering from disseminated sclerosis, 
which may be simulated by the combination of parezsthesiz in upper or 
lower limbs, progressive spastic weakness and a variable degree of sensor) 
loss, perhaps accompanied in the upper limbs by sensory ataxia. The 
history of remission and relapses characteristic of disseminated sclerosis 
is usually absent, however, and the domain of the cranial nerves is 
completely spared ; the jaw-jerk is normal, though the tendon reflexes 
in the upper limbs may be much exaggerated. On the other hand diminu 
tion, perhaps with inversion, of the radial reflex, may occur in cervical 
spondylosis but not in disseminated sclerosis. Amyotrophic lateral 
sclerosis may be closely simulated by the occurrence in an elderly patient 
of muscular wasting and fasciculation in the upper limbs associated with 
spastic weakness of the lower limbs. When this combination of symptoms 
is due to cervical spondylosis it is often accompanied by some impairment 
of superficial or deep sensibility, which suffices to exclude amyotrophic 
lateral sclerosis. Exceptionally, however, there is no detectable sensory 
loss and we have had several patients in whom a diagnosis of amyotrophic 
lateral sclerosis had been made many years previously anc ‘ater reviewed 
on account of their stationary condition, when the correct diagnosis of 
cervical spondylosis was then established. Extramedullary tumours of 
the spinal cord may be simulated by the association of radicular symp- 
toms, especially root pain, with the clinical picture of a progressive 
lesion of the spinal cord in the cervical region, while the latter without 
radicular symptoms may suggest an intramedullary tumour. The onset 
of symptoms is usually slower in cervical spondylosis than in a tumour of 
the spinal cord and the clinical picture is often one of an incomplete lesion 
of the spinal cord at several segmental levels rather than of a more 
restricted single progressive lesion. Moreover, in cervical spondylosis it 
often happens that the symptoms of upper and lower motor neurone 
lesions are disproportionately severe compared with sensory disturbances, 
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or that, in the sphere of the latter, appreciation of posture and passive 
movement is much more severely affected than sensibility to pain, heat 
and cold. 

It has rarely happened that cervical spondylosis has, in our experience, 
simulated syringomyelia, but this may occur if appreciation of pain, heat 
and cold suffers severely over both upper limbs and the upper part of 
the chest, and if this type of sensory loss is associated with wasting of 
the upper limbs and spastic weakness of the lower. When such a clinical 
picture is due to syringomyelia, however, the dissociated type of sensory 
loss can almost always be traced through the upper cervical and into 
the trigeminal area, whereas in cervical spondylosis sensory loss will 
not be found above the third cervical dermatome. Cervical spondylosis 
may simulate subacute combined degeneration when it causes a com- 
bination of signs of a lesion of both pyramidal tracts and both posterior 
columns in the upper and lower limbs, perhaps accompanied by cutaneous 
sensory loss over the periphery of the upper limbs. In cervical spondylosis, 
however, parzsthesiz begin in the upper limbs, in which they pre- 
dominate, and are rarely troublesome in the feet; and the knee and 
ankle jerks are exaggerated and not diminished as in most cases of 
subacute combined degeneration. 

In several of our patients cervical spondylosis led to a progressive 
spastic paraplegia unaccompanied by symptoms and signs in the upper 
limbs. This clinical picture may suggest the early stages of compression 
of the spinal cord in the dorsal region, and, this being negatived by 
normal cerebrospinal fluid findings and normal X-ray investigations of 
that part of the spine, including myelography, a diagnosis of primary 
lateral sclerosis may be made faute de mieux, whereas X-rays of the 
cervical spine would have shown the characteristic changes of spondylosis, 
and myelography carried out according to the appropriate technique 
would have shown the presence of compression of the spinal cord at that 
level. Stress has been laid upon the clinical differences between cervical 
spondylosis and the other disorders of the spinal cord which have been 
mentioned, because, unless clinical examination arouses a suspicion of 
cervical spondylosis, the further confirmatory step of radiography, and, 
if necessary, myelography, is not likely to be taken. Radiography is 
always necessary, and myelography is frequently required, to establish 
the diagnosis in a doubtful case. 

The radicular symptoms of cervical spondylosis may simulate myo- 
cardial infarction or lesions of the brachial plexus or peripheral nerves of 
the upper limbs. Myocardial infarction, as stated in the introduction, 
may be simulated by the sudden onset of root pain within the distribution 
of the area supplied by the seventh cervical segment since the pain may 
radiate into the left pectoral region and down the left upper limb and 
may be associated with pain in the neck. When these symptoms are 
due to cervical spondylosis there may be torticollis, the neck muscles 
are likely to be in spasm, and passive movement of the neck is itself 
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painful and intensifies the irradiating pain. The pain in the upper limb tends 
to run down to the middle finger rather than along the ulnar side of the arm 
forearm and hand, as does referred pain in heart disease, and the left triceps 
jerks may be diminished. The absence of fever, fall in blood pressure and 
a leucocytosis in the blood, together with a normal electrocardiogram 
will help to exclude myocardial infarction. Cervical spondylosis some 

times causes a painful tingling in the digits of one or both upper limbs 
which awakens the patient at night and tends to disappear an hour or 
so after he arises in the morning, a symptom which has sometimes been 
attributed to a disturbance of function of the brachial plexus at the 
level of the clavicle and has been designated a costo-clavicular syndrome. 
Similarly, cervical spondylosis may be confused with compression of 
the median nerve in the carpal tunnel since both tend to cause dyszs 

thesiz in the hand. When such symptoms are due to cervical spondylosis 

however, they do not have the clear-cut limitation to the three radia! 
digits and radial half of the fourth digit accompanied by some impai 

ment of cutaneous sensibility in the same area which is characteristic 
of a compression neuritis of the median nerve at the wrist, and in median 
neuritis the sensory disturbances are almost always accompanied by 
some wasting limited to the abductor_brevis pollicis and the opponens 
pollicis in the affected hand. 


(2) Conditions wrongly attributed to cervical spondylosis.—Since cervical! 
spondylosis is not uncommon after middle life, and may be symptomless 
there is a danger that the discovery on radiography of cervical spondylosis 
in a patient suffering from some other disorder may lead to the mistaken 
attribution of the symptoms to cervical spondylosis. It is necessary, 
therefore, to stress the point that, when any doubt arises, cervical 
spondylosis should not be accepted as responsible for symptoms attributable 
to lesions of the spinal cord unless myelography demonstrates a protrusion 
of one or more intervertebral discs sufficient to cause a substantial 
reduction in the subarachnoid space of the spinal cord in the cervical 
region. It is impossible to mention all the disorders which may thus be 
wrongly attributed to cervical spondylosis, but we have found that the 
co-existence of median neuritis due to compression of the nerve in the 
carpal tunnel with cervical spondylosis may give rise to difficulties. One 
of our patients with severe cervical spondylosis, and signs of a progressive 
lesion of the spinal cord in the cervical region, proved to have a 
meningioma, and another patient who suffered from syringomyelia 
showed on radiography changes in the cervical spine which simulated 
spondylosis, but were probably due to arthropathy. The association of 
angina pectoris with cervical spondylosis may lead to an attempt to 
attribute the cardiac pain to cervical radiculitis. 

(3) The combination of symptoms of cervical spondylosis with those of 


some other disorder.—This may constitute a very difficult diagnostic 
problem. Three instances may be mentioned. An elderly patient suffering 
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from diabetes mellitus and severe cervical spondylosis exhibited a 
combination of symptoms of an incomplete lesion of the spinal cord in 
the cervical region with those of a diabetic polyneuritis. Several of our 
patients have also suffered from hypertension and arteriosclerosis and 
we think it possible that in such cases an ischemic factor may intensify 
the effects of pressure upon the spinal cord by the protruded intervertebral 
lises with a correspondingly worse prognosis. In one or two cases the 
association of symptoms of cervical spondylosis with true angina pectoris 
has given rise to difficulty. 


CERVICAL PARAPLEGIA Due TO INJURY TO A SPONDYLOTIC SPINE 

Barnes (1948) in his study of paraplegia due to injuries of the cervical 
spine reports 6 cases of paraplegia caused by traumatic hyperextension 
of a cervical spine previously the site of spondylosis. This occurred in 
S cases in our series and proved fatal in 2. 


Immediately after the accident the symptoms of the associated head 


injury may mask those of the lesion of the spinal cord, which consists 


severe cases of flaccid paralysis of both upper limbs, with subsequent 
muscular wasting and contractures. The respiratory muscles may be 
involved. Power in the lower limbs may be less severely impaired than 
in the upper. Sensation, both superficial and deep, may either be severely 
affected in both upper and lower limbs, or may suffer little in comparison 
with voluntary power. Retention of urine may occur. In less severe cases 
the patient may survive with symptoms of an incomplete lesion of the 
cervical cord. 

\s Barnes points out, and as our own pathological observations in 
Case 1 confirm, severe damage may thus be caused to the cord (figs. 1 to 
!) by contusion, without any residual evidence of an acute traumatic 
lesion of the cervical spine, such as a fracture-dislocation, herniation of 
the nucleus pulposus of an intervertebral disc, rupture of the posterior 
longitudinal ligament or combination of these. The liability of the patient 
with cervical spondylosis to this type of spinal cord injury is probably due 
to a combination of factors, viz. narrowing of the spinal canal by the 
bosses and transverse bars, increase in the pressure of these upon the 
cord by hyperextension of the neck, and abnormal tension upon the cord 
in these circumstances owing to tethering of the nerve roots in the 
intervertebral foramina. 

TREATMENT 

In some cases treatment has been conservative ; this has included rest 
in bed, immobilization of the head and neck by means of a support, and 
physiotherapy. Other patients have been subjected to cervical laminec- 
tomy. One patient aged 65 (Case 3), with paraplegic symptoms of 
seventeen years’ duration and bedridden for six months, had a diffuse 
spondylosis in which myelography demonstrate osteophytic protrusions 
from each of the dise intervals C3-7, and the condition was considered 
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incurable. An upper thoracic anterolateral cordotomy was carried out 
in order to relieve him of the severe pain of flexor spasms in the lower 
limbs; this was successful, although he died some months later of 
respiratory and urinary infection (this case is excluded from subsequent 
analysis). Choice of conservative or surgical treatment has been to some 
extent arbitrary and empirical, for at first we were uncertain of the 
potentialities of each method, though now we feel more confident in the 
selection of the appropriate treatment for the individual case. Conserva- 
tive measures were employed in the 8 cases in which the upper limbs 
only were affected. In one of these the condition was at first regarded as 
belonging to the so-called costo-clavicular syndrome, and the scalenus 
anterior muscle was divided with temporary benefit. But severe pain 
recurred and myelography revealed the correct diagnosis; cervical 
laminectomy and removal of the osteophytic protrusion proved beneficial 
(this case is included in the ‘ Operation” group). Many of the cases of 
paraplegia were subjected to operation without awaiting the effect of 
rest. Others were treated conservatively with some improvement ; one 
of these relapsed and was then operated on with benefit (it is included in 
the group of operated cases). Some patients were not subjected to 
operation because of age (6 were of ages between 62 and 72) and some 
because of the diffuseness of the spondylosis (in 2 all the dises between 
(2 and 7 were severely affected). The influence of such factors in selection 
of cases will be seen in the subsequent analysis. 
RESULTS OF CONSERVATIVE TREATMENT 
23 patients were treated conservatively. 3, who were seriously ill, did 

not long survive and are not further considered here. Half of the remain 
ing 20 had a greater or less degree of overt paraplegia. In 3 the result 
is unknown owing to a failure to maintain contact. 3 have died ; 1 patient 
was aged 72 and severely quadriplegic, another aged 70 and diabetic, 
and the third died of a carcinoma of the prostate. Of the remaining 14 
there was some measure of improvement in 11 but no appreciable change 
in the other 3. Of 7 patients with paraplegia some improvement was 
observed in 4. 

TABLE IV.—RESULTS OF CONSERVATIVE TREATMENT 

Improvement 11 Paraplegia in 4 

Nochange .. : Paraplegia i 2 

Died .. i Paraplegia i 2 

Untraced.. Paraplegia i 2 


Total 20 10 


OPERATIVE TREATMENT 


The aim of operation is to relieve pressure on the spinal cord, and to 
free the cervical nerves which may be severely compressed within the 
intervertebral foramina narrowed by osteophytes. Unlike lumbar disc 
protrusions—and some unilateral cervical disc protrusions—in which 
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the offending bulge is relatively soft fibro-cartilage, the prominence in 
these cases of cervical spondylosis formed a hard ridge or bar across the 
anterior wall of the spinal canal, consisting of bone capped with fibro- 
cartilage of varying thinness. Because of its essentially osseous basis, 
uch a ridge is difficult to remove without the use of a chisel or burr, 
ind although removal of osteophytes from the lateral part of the spinal 
canal is quite feasible, this alone will not free the spinal cord from the 
pressure of the all-important median portion. In the cervical portion of 
the spinal canal, and particularly below the third vertebra where the 
cervical enlargement of the cord is developing, there is little space 
anterior to the theca in which to manipulate instruments. Consequently 
iny attempt to remove an osteophytic ridge completely is almost certain 
to inflict damage on the cord. Contusion of the cord may not be visible, 
nevertheless the long tracts can be so easily affected by torsional stresses 
and contusion, that quadriplegia readily develops. This is a well- 
recognized risk in the removal of any tumour lying anterior to the cervical 
cord. In the lower lumbar region, because of the absence of spinal cord, 
there is more freedom for manceuvre, though clumsy operating will 
damage the cauda equina. For these two reasons—density of the pro- 
trusion and inadequate space for manipulations—it is impracticable 
to remove osteophytes lying in front of the cervical cord. In 2 patients 
in this series (and in another more recent one not included) small portions 
of soft extruded disc material surmounted the middle of the bar-like 


prominence and these fragments were easily and safely extracted. The 


same can be done for an ‘“ acute” dise herniation, which, however, does 
not come within the scope of this paper. In only one of these patients 
with cervical spondylosis has the central portion of the ridge been 
removed. In order to free the cord of pressure, decompression by 
laminectomy has been performed. 

Myelography is advisable in every case subjected to operation, for 
ilthough spurs of bone may be clearly demonstrated by suitably pro- 
jected X-rays, a filling defect may be found at another level where the 
hone changes are so slight as to be neglected. Failure to discover 
multiplicity of protrusions may account for the failure of operation to 
benefit. Exposure of the cervical spine has been carried out in the prone 
position, and if a severe cervical lordosis is present axial traction by 
callipers inserted into the skull may be necessary to overcome this 
deformity, and thus render the spine more accessible. Operation on the 
seated patient might be helpful in these cases. The incision has extended 
up to the external occipital protuberance, so as to include the posterior 
tubercle of the atlas, thereby allowing direct and accurate identification 
of individual vertebre. In the cervical region reliance should not be 
placed upon the position of an opaque marker on an X-ray film, as the 
mass of soft tissue and the curve of the spine renders this quite inaccurate, 
though it is a valuable aid in the thoracic region. Precision in localization 
is necessary, for it is undesirable to remove cervical laminz needlessly, 
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because of the risk of subsequent deformity, to which reference will be 
made later. A complete (i.e. bilateral) laminectomy of the vertebrz 
immediately adjacent to the affected disc is necessary in all except those 
few cases in which a strictly unilateral osteophytic outgrowth is present. 
and in such only the lamine of the side affected have been removed. 
The removal of only the contiguous edges of these laminze—which would 
be adequate for dealing with a lumbar disc protrusion—does not give 
sufficient decompressive effect. When the laminze have been removed. 
the theca usually bulges as it rides over the prominence. In 6 cases the 
laminz have been much thinner than normal, the result of local pressure 
by the displaced theca and contents. 

The floor of the spinal canal is now palpated with a blunt instrument 
so as to identify the ridge and determine its extent ; it has often been 
found to measure approximately 1-2 cm. from above down, extending 
transversely across the spinal canal from one foramen to the other and 
standing proud of the floor of the canal by 0-8 em. On each side the 
emerging nerve is traced across to its foramen, and the orifice carefull 
examined with a blunt instrument. The osteophytic ridge may fade 
away at the lateral boundary of the spinal canal, leaving the foramen 
unaffected and affording ample room for the nerve. But frequently the 
ridge forms a large hump under the nerve, displacing it backwards, and 
may encroach upon the anteromedial margin of the foramen (neuro 
central osteophytes) (fig. 16). In addition, there may be new bone 
formation on the posterolateral aspect of the foramen. In some patients 
the foramen has been so narrowed that a thin instrument could not 
be insinuated into it alongside the nerve. It has been considered advis- 
able to free the nerve from this strangulation for two reasons : 
in order to overcome the root lesion causing neurological disorder ; and 
in order to mobilize the root, and thereby possibly to promote posterior 
displacement of the theca and cord, so that they ride free of the pro- 
trusion instead of being anchored tightly on either side by the fixation 
of the roots in their foramina. The foramina are “ unroofed ”’ by piece- 
meal removal of an adequate amount of the overlying inner border of the 
articular facets, and this has been deemed necessary in 10 cases. The 
amount removed has varied considerably, depending upon the distance 
along the intervertebral foramen (or canal as it really is) that the narrow- 
ing extends. In 7 cases the nerve root was tightly arched over the lateral! 
part of the osteophytic ridge and an attempt was made to reduce this 
part of the ridge, but, as mentioned above, the ridge was not pursued 
under the theca for fear of damaging the cord. Removal of these osseo 
cartilaginous tissues has been carried out usually with fine chisels or 
a dental engine and burr. It is helpful to protect the nerve root with a 
narrow thin strip of malleable metal, which can be suitably moulded 
and insinuated into the mouth of the foramen. The dental burr is con- 
venient but can be dangerous, for it easily skids on projecting fragments 
of bone and may then lacerate the nerve. In spite of every precaution 
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and care, if the foramen is tightly closed the nerve root may get torn. 
A nerve root was thus accidentally damaged in one case (C4) and pur- 
posely in another in order to obtain room (C6); in each, severe dis- 
ability resulted. When the bone work is completed, the surfaces should 
be smooth, cancellous areas freely waxed, all bone dust and fragments 
removed to diminish risk of new bone formation, and the nerve root 
should be freely mobile throughout its course. In order to diminish the 
risk of its fixation in sear, it has been surrounded with fibrin or gelatine 
foam. 

The dura mater has usually been opened and the spinal cord and 
membranes inspected and the floor of the canal palpated. The prominence 
has felt much more pronounced from this aspect. The spinal cord has 
been found on 3 occasions to be slightly narrowed or “ waisted ”’ opposite 
the affected disc and once it also seemed softened. The ligamenta 
denticulata in 10 patients have been divided in order that greater dis- 
location of the cord away from the disc might perhaps occur (Kahn, 1947). 
\pplying this notion further, in one case the posterior root of the seg- 
mental nerve on one side at the level of the ridge was divided without 
ny disability. Where the protrusions have been multiple, the laminectomy 
has been accordingly extended to give adequate decompression, the 
principle holding good that the laminz above and below the affected 
dise must be removed. If several foramina are constricted all must be 
enlarged. 

Correct posture of the head and neck is normally maintained by 
muscular action, and it has long been noted that after bilateral cervical 
laminectomy an increasing lordosis, which may progress to actual sub- 
luxation, may slowly develop, presumably as a result of the loss of the 
bony attachment of muscles. Occasionally this gives rise to a cord 
lesion—due to compression of the cord or to its angulation causing 
torsion stresses in the long tracts, and which can be cured by the correc- 
tion of the deformity. Precautions must therefore be taken in order to 
prevent the development of deformity which is particularly liable to 
occur when the patient becomes ambulant. Where an extensive 
laminectomy and foraminotomy has been carried out the deformity will 
occur with greater readiness. Occasionally the spondylosis is so severe 
that there is sufficient interlocking of the osteophytes between one 
vertebral body and another to render deformity unlikely. As has been 
1oted above, abnormal mobility between vertebrae may accompany the 
legenerative disc changes, so that between the extremes of flexion and 
extension the upper vertebrz may slide forwards and backwards res- 
ectively quite a considerable amount. In such a case immobilization 


may require special consideration and in one of our cases a spinal fusion 
was performed by Mr. Osmond-Clarke. Where the laminectomy has 
been restricted say to two vertebre, and the foramina have not needed 
to be unroofed, the patient’s movements while in bed have been restricted 
by simple methods ; if a greater degree of immobilization seems advisable, 


5 
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or deformity needs correction, the most efficient and comfortable method 
is axis traction through Crutchfield’s skull callipers. Properly applied 
and adjusted daily to prevent any slipping, they do not cause pain, and 
they allow the patient to be moved easily from side to side. Traction is 
maintained for three weeks, and when the patient becomes ambulant 
a cervical brace is fitted. The pattern recommended by Spicer and 
Bayless (1949) has been found cheap, easily made, and more comfortable 
than a plaster collar or Minerva jacket ; while preventing any deformity 
in an antero-posterior plane, it still allows of some rotational movement. 
This has been worn for a minimum of three months, and when it is 
relinquished, further observation is necessary to detect any incipient 
deformity. 
RESULTS OF OPERATIVE TREATMENT 

21 patients were subjected to operation, from which 2 died—on the 
second and on the eighth post-operative days respectively. The remaining 
19 patients have been under observation for periods varying from two 
months in the most recent case to seven years, and the operation was 
more than a year ago in over one-half (11). All the patients have been 
examined recently except 2; 1 of these died during the war and details 
are unobtainable and the other was observed for fifteen months during 
which time there was slight improvement, but he has failed to reply to 
letters and may well be dead as he would be about 72 vears of age. 


TABLE V.—RESULTS OF OPERATION 


Improvement marked .. 
moderate 
slight 

No improvement, or worse 


10 of those who benefited from the operation are known to be in 


employment or working as housewives. No patient has returned to 
normal, and for that reason the improvement has been graded, admittedly 


in an arbitrary manner. 

All patients subjected to operation had motor disturbances and in the 
19 survivals there was improvement in 14 and this affected the upper and 
lower limbs about equally. Cutaneous sensory loss was present in 16, and 
in 7 there was demonstrable improvement. Loss of deep sensibility 
occurred in 10, and there was some benefit after operation in 5, and this 
improvement affected the upper and lower limbs about equally. In 2 
patients there was a frank disturbance of micturition and in neither has 
there been any improvement. 

A relationship was sought—without much success—between impair- 
ment of sensation in the upper limb and compression of the segmental 
nerves by foraminal constriction demonstrable at operation. In 16 
patients with sensory loss in the upper limbs, the intervertebral foramina 
were found tightly constricted in 9. Of these latter, improvement in 
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sensation followed operation in 5, in each case the affected foramina 
being widely opened up. Of the 7 without foraminal constriction (and in 
only 1 of these were the foramina decompressed) there was improvement 
in 3. Somewhat similar figures were obtained in cases with weakness of 
the upper limbs, of which there were 16. Of the 9 with foraminal con- 
striction 5 were improved. and of the other 7 improvement occurred in 4. 


TABLE VI.—CaseEs TREATED By OPERATION 
No 
Total improvement Improvement 


Aged 50 years or over... 8 3 SS) 


\ged under 50 vears - 11 


History 2 years or more .. 9 
History less than 2 yvears.. 10 


Diffuse spinal lesion aia 5 
Single ; ” i 14 


In Table VI cases are arranged according to age, duration of history, 
ind diffuseness of lesion. In both this and the preceding table it will be 
noted that improvement is more often found in the younger age group 
ind when the history is short. But the influence of multiple lesions seems 
f less importance if operation is carried out than if treatment is 
conservative. 

CHOICE OF TREATMENT 

The results of conservative and of operative treatment in this series 
if patients cannot be fairly compared because of partial selection. 
Operation appeared contra-indicated in a number of patients on account 
f age and of extensive spondylosis; nevertheless in some a measure of 
mprovement was provided by conservative methods. Only one-half 
if the conservatively treated patients had paraplegia. and of those 
traced only one-half showed improvement. All but one of those under- 
“oing operation had paraparesis and approximately two-thirds improved, 
some to a marked degree. Old age. severe involvement of the cord, 
multiple lesions and a history of long duration are all important factors 
n prognosis and in such cases no form of treatment is likely to do much 
vood. 

Where the lesion is producing little disability or is restricted to one 
ipper limb it is probable that a period of immobilization combined with 
ihysiotherapy to the muscles concerned will be adequate. In patients 
vith a short history, and particularly if there is evidence of paraplegia, 
operation is likely to be beneficial and the longer it is delayed the less 
ikely will there be a good result. In many cases it is reasonable to 
ecommend a trial period of say three months of conservative treatment ; 
f careful assessment reveals no improvement operation should then be 

uried out. Even in the most favourable cases, recovery of function is 
isually slow and imperfect : much depends upon the patient’s determina- 
tion to co-operate in the prolonged period of rehabilitation. 
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SUMMARY 

(1) 45 cases of cervical spondylosis have been investigated. In 38 
cases the spinal cord was compressed ; in the remaining 7 the nerve-roots 
only. 

(2) 8 patients died and a pathological study of the cervical spine. 
spinal cord and nerve roots was made in 6. 

(3) The primary lesion is a degeneration of the intervertebral discs. 
to which changes in the bodies of the vertebre and the neurocentral 
joints are secondary. The dise protrusion in cervical spondylosis is held 
to be of a different nature from herniation of the nucleus pulposus. 

(4) The factors leading to damage to the spinal cord are considered. 

(5) The role of trauma in the production of the lesions is discussed. 

(6) The symptomatology of the spinal-cord lesion is described. 

(7) The diagnostic value of radiography is discussed. 

(8) The varied symptomatology of the spinal-cord lesion may causé 
it to simulate many common neurological disorders: its diagnosis is 
discussed. 

(9) The special liability of the spinal cord to damage as a result of 
injury to the spondylotic cervical spine is considered. 

(10) The prognosis is discussed and the results of medical and surgical! 
treatment are compared. 


We are grateful to the radiologists of the London Hospital who 
X-rayed our patients, and to Dr. R. A. Henson and Dr. Michael Ashby 
for permission to use their cases. One of us (M. I. P. W.) wishes to 
express her gratitude to the Nuffield Foundation for the research grant 
which enabled her to carry out this work, to Professor Dorothy Russell! 
for her constant help and advice, and to Dr. W. J. O'Donovan for the 
post-mortem material from the first case. 
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A CRITIQUE OF “ SUPPRESSION,” 
WITH ADDITIONAL OBSERVATIONS IN THE CAT 
BY 


RALPH DRUCKMAN! 


INTRODUCTION 

‘ SUPPRESSION " is a term which has found wide acceptance of late in 
both neurophysiological and clinical literature. It is generally thought 
of as a system by which cortical electrical activity, muscle tone and 
movements are decreased. It has been suggested that the involuntary 
movements seen in hyperkinesias are due to damage to this restraining 
system, with resultant release of the precentral ‘‘ motor” cortex to 
a hyperactivity which becomes manifest in choreo-athetosis, tremor 
or even hemiballismus (Bucy, 1949). Others (Russell, 1947) have tried, 
though without statistical success. to correlate the lesions in cases of 
post-traumatic epilepsy with the expected location of the ** suppressor 
strips,” attributing the epileptic attacks to intrinsically normal electro- 
cortical activity which is no longer restrained because of damage to the 
* suppressor ” areas. 

Since little has been reported on concomitant recording of electrical 


activity of the cortex with motor response in the work on ** suppression,” 


it was decided to carry out a review of these “* suppressor ” regions with 
such recording. This was also undertaken to test one possible explanation 
of ** suppression * or relaxation of muscle tone from these regions, namely 
that such relaxation might be merely reciprocal inhibition of the muscle 
in question associated with contraction of that muscle’s antagonist. 

The cortex of the cat has been found to be essentially similar to that 
of the monkey with regard to “ suppression ” of both motor effects and 
of cortical electrical activity (Garol, 1942a and 6b). Since Garol (19425) 
has also stated that the conformation of the cat’s cortex is “ surprisingly 
consistent.’ whereas that of the monkey has been noted as quite variable, 
it would appear that the cat offers an advantage over the monkey in 
that the “ suppressor’ areas would be more constant in location in 
the former. 

METHODS 


Cats were anesthetized with Dial, 0-45 to 0-60 c.c. kg. given half intramuscularly 
and half intraperitoneally. Tracheotomy was routinely performed. The tendons 
of tibialis anticus and gastrocnemius were then exposed and severed close to their 
insertions. The cut ends were led by steel wire to strain gauge units. These units 
were made up of strain gauges glued to steel rulers. When the ruler bent under 


1Aided by a grant from the Banting Research Foundatio 1. 





A CRITIQUE OF “‘ SUPPRESSION ”’ 
tension, the length of the resistance wire in the strain gauge was changed with 
resultant change in the resistance this wire offered to the flow of electricity. 
Each gauge formed part of a Wheatstone bridge arrangement into which was fed 
20 cycle/sec. sine wave current. The output of this bridge circuit was led to the 
nput of a 6-channel type D Offner Dynograph. By this means muscle tension 
ould be recorded on the same record as the electrocorticogram. This set-up was 
found to produce readings with a variation of + 5 per cent on repeated testing. 
rhe resting tensions of these muscles with the foot in mid-position were estimated 
i_pproximately with a spring balance at the start of an experiment by noting the 
tension required to approximate the cut ends of each tendon. It was found that 
tibialis tension was about 20-30 grammes and gastrocnemius tension about 60-90 
rammes. The muscles were kept under this tension during the remainder of the 
experiment. 

The leg was fastened to a wooden block by means of screws inserted through 
oles drilled in the upper tibia and in both tibia and fibula near the ankle. This 
lock was in turn bolted to the operating board and the leg thus immobilized. 

Wide exposure of one hemisphere was usually performed. When stimulation of 
the anterior ‘‘ suppressor ’’ area was to be done, the orbital contents on the 
ppropriate side were removed. The cingulate gyrus was approached by removing 
yy suction that portion of the opposite hemisphere which obstructed electrode 
lacement. Bipolar Ag-Ag Cl electrodes were used for both recording and stimula- 
tion. Interelectrodal separation was 2 to 5 mm. for recording and 1-5 to 2 mm. for 
timulating. The recording leads from the cortex were led to the input of the 
ffner type D Dynograph mentioned previously. Electrodes were fixed into position 
n two stands, one on each side of the cat’s head. The head was held in a head 
older. Thus the possibility of chance movement of the electrodes on the cortex 
as minimized. 

liming relays provided for the regular stimulation of both the motor cortex and 
e other cortical region being explored with the roving electrode. Stimuli were 
pplied at one minute intervals. The duration for motor point stimulation was 


$-2 seconds. The stimulus to the roving point was applied for 10-5 seconds of 


hich 3-8 seconds preceded, 4-2 seconds accompanied and 2-5 seconds followed 
e motor point stimulus. Ordinary 60 cycle sine wave current was applied to the 
otor point for tibialis anticus with the voltage being regulated to provide a moderate 
1uscle response. This stimulus was thus slightly above threshold and the voltage 
iried from 1-0 V. to 6-3 V. r.m.s. but was mainly in the 1-5 to 3-0 V. range. The 
ving electrode was moved in an orderly point-to-point manner over the cortex. 
his electrode was supplied by a capacity-coupled stimulator designed by Mr. L. A. 
Geddes. The pulse shape was rectangular and pulse frequency, duration and 
oltage could be independently varied. All of Garol’s “‘ suppressor ’’ areas were 
eviewed with two sets of stimulating parameters. With one of these the pulse 
frequency was 60/sec. and the duration 6-4 msec., while with the other the pulse 


requency was 30/sec. and the pulse duration 12-8 msec. This long pulse duration 


f 12-8 msec. was chosen because it fell in the range of 5 to 20 msec. given by Garol 
as the duration of the falling phase of his stimuli. The voltage applied to the roving 
electrodes was determined from the threshold voltage which with these parameters 
roduced movement on stimulation of the motor cortex.. The voltages used were 
rbitrarily set at 30-50 per cent above threshold for cortically-induced movement 
) ensure adequate stimulation. (In Garol’s experiments (1942a) the voltage used 
as slightly higher than threshold for movements from the arm area of the 
motor’ cortex.) Over 560 points were stimulated, usually repeatedly, by the 
ving electrode. 
In the group of strychnine experiments filter paper strips about 1 by 4 mm. 
ere soaked in 3 per cent strychnine solution coloured with toluidine blue and 
e excess removed by touching to a sheet of dry filter paper. These strips were 
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applied to the “ suppressor ’’ regions during the regular stimulation of the motor 
point and the effects on motor response and electrical cortical activity noted. 

A total of over 5,400 stimulations of the motor cortex was carried out in these 
groups of experiments. 

RESULTS 

A. Effect of stimulation of * suppressor’ areas upon muscle tension.— 
There was no reduction in the resting tension of either tibialis anticus 
or gastrocnemius during the period of stimulation of the ‘‘ suppressor ” 
regions. The very few exceptions to the above statement could not be 
confirmed upon repeated stimulation of the same points. Thus if this 
resting tension is analogous to tone, our results furnish no support for 
the statement that stimulation of the “ suppressor ’’ regions produces 
short-latency relaxation of tone. 

B. Inhibition of cortically induced motor response.—With our experi 
mental set-up the only region from which inhibition of cortically induced 
movement was convincingly produced was the anterior cingulate region. 


te 
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Fic. 1.—The uppermost line was drawn by a signal marker with the downward 
deflections representing the duration of stimulation of the ‘‘ motor ”’ cortex. The 
following two tracings represent the tension of gastrocnemius and of tibialis anticus 
with the height of each tracing being roughly proportional to the tension. The 
remaining four tracings represent electrocortical activity at the sites marked 
by corresponding letters in the insert. The circle in the posterior sigmoid 
gyrus represents the motor point for tibialis while the circle in_ the 
anterior cingulate region represents the area being stimulated by the roving 
electrode. The electrocortical activity is grounded during the application of any 
stimulus to the cortex. This alteration in the record enables one to find the dura 
tion of the application of stimulus to the roving electrode. The record represent 
two stimulations, the first of the motor point alone and the second of both anterior 
cingulate and motor point. When the motor point and anterior cingulate regions 
are stimulated together, it is seen that the tibialis contraction is practically abolished 
with no effect on gastrocnemius tension. The electrocortical activity remains 
unchanged following cingulate stimulation, though the tibialis response is inhibited 
(Recording of several seconds of normal electrocortical activity between the two 
stimulations has been removed.) 
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Here inhibition of such movement could be repeatedly reproduced. 
No concomitant effect was noted upon the muscle’s antagonist, i.e. 
gastrocnemius. No change was noted in the electrical cortical activity 
which could be correlated with this inhibition of cortically induced motor 
response. Fig. | illustrates the inhibition of cortically induced movement 
produced by stimulation of the anterior cingulate region. 

Suggestive results were occasionally obtained from the anterior sigmoid 
gyrus but these were not striking and not readily reproduced. 

C. Relation of contraction of antagonist to relaxation of agonist as a 
possible explanation for lowered motor response.—In some locations of 
the roving electrode contraction of the gastrocnemius occurred sporadically 
during the period of “‘ roving ”’ stimulation prior to the onset of tibialis 
motor point excitation. It is noteworthy that in every such instance the 
tibialis response on motor-point stimulation was greater than in the 
preceding or following control series. Thus facilitation appears to obscure 
any possible short-latency inhibitory effects incident to reciprocal 
inhibition: Fig. 2 provides an illustration of this type of response. 
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Fic. 2.—This record illustrates the finding that when gastrocnemius response 


preceded or accompanied the tibialis contraction, the tibialis contraction exceeded 
control levels of response. 


D. Motor after-discharge and the ‘* suppressor” regions.—It has been 
reported that stimulation of the “ suppressor” regions immediately 
arrests clonic after-discharge (Garol, 1942a) produced by stimulation 
of the motor cortex. No such clonic after-discharge was produced in 
our experiments, presumably since the voltage applied to the motor 
cortex was only a little above threshold. Often, however, there was found 
a continuing muscle contraction following the end of the stimulation of 
the motor point. This is possibly analogous to the clonic motor after- 
discharge produced on more vigorous stimulation of the motor cortex. 
For this reason the effect of ‘‘ suppressor’ area stimulation upon the 
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duration of this post-stimulatory contraction was particularly noted. 
It was found that there was no inhibitory effect of “‘ suppressor ” area 


9 


stimulation on this type of motor after-discharge. Fig. 3 illustrates this 


a 100 
| SEC vV 


Fic. 3.—The roving electrode in this instance was situated immediately behind 
the ansate sulcus in the region marked in the insert by the circle. The 
motor point is as indicated in the posterior sigmoid gyrus. It is seen that the 
motor after-discharge following the end of stimulation of the motor point is not 
lessened but increased with concomitant stimulation of a region which Garol has 


indicated is ‘‘ suppressor ’’ in function (see fig. 4 


point. It will be noted that though the roving stimulus was applied just 
posterior to the ansate sulcus in a region designated by Garol as 
‘suppressor ” (see fig. 5), the period of motor after-discharge following 
cortical stimulation was lengthened rather than shortened. 


E. Consideration of longer-latency “* suppression” of electrical cortical 


activity and cortically-induced motor response.—In considering the decrease 


in motor response following stimulation of “ suppressor” areas it is 
important to keep in mind the normal or control variability of cortical 
motor response. To this end points other than ‘ suppressor” were 
stimulated and some control runs were made with motor-point stimula- 
tion alone. This was done to determine the range over which cortically- 
induced motor effects might vary without © suppressor “ area stimulation. 
It was found that several responses might be lower by 20 grammes or 
more than the preceding or succeeding series of contractions in these 
control runs. 

Stimulation of the “suppressor ~ areas at times was associated with 
similar falling off of motor response, but we regard this long-latency 
response as too inconstant to be regarded as other than within the limits 
of variations of ordinary motor response. 

This decrease in motor response was usually not associated with 
electrocorticographic changes. On occasion it was possible to correlate 
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the decrease in motor response with a sweeping change of electrical 
cortical activity in the nature of spreading depression. 

F. Strychninization experiments.—In view of our inability to reproduce 
the changes stated to occur in * suppressor ”’ regions, it was decided to 


apply strychnine to these areas as a check upon the results of electrical 


stimulation of these regions. This again resulted in only inconstant 
decreases in electrical activity and motor response which were thought 
to be within control limits. 
DiscUSSION 

Since we found only very inconstant findings of the type described 
under the name of “ suppression” it was decided to review in detail 
the development of the concept of * suppression ’’ before proceeding 
with further experimental work. The findings of this review follow below. 


(a) The discovery and first definition of ** suppression.’”’-—The 
phenomenon of suppression is first mentioned (Dusser de Barenne and 
McCulloch, 1938a@) as an incidental finding during the course of an 
investigation designed to map out the “functional organization’ of 
the sensory cortex of the monkey. This was a logical step from the 
previous work of Dusser de Barenne on strychninization of the spinal 
cord and the sensory cortex (Dusser de Barenne, 1915 and 1924). The 
listribution of strychnine spikes following the strychninization of a 
small cortical area was taken to represent the regions to which that 
rea fired and with which it was, therefore, in functional relationship. 

The purpose of this investigation of Dusser de Barenne and McCulloch 
was to extend the concept of a functional subdivision of the sensori- 
motor cortex into leg (L.), arm (A.) and face (F.) subdivisions. It was 
noted that strychninization of A. or L.4s fired all of A. and L.4s as well 
as the post-central arm and leg subdivisions. In addition there was a 
temporary suppression of electrical activity in L. and A. but not F.4, 
this oceurring while strychnine spikes were to be seen in A. and L.4s 
ind postcentral cortex. Thus suppression was first defined as a diminution 
if the electrical activity of area L. and A.4 following the activation of area 
L. or A.4s. It should be noted that strychnine spikes were fully developed 
vithin two to three minutes of the application of the filter paper soaked 
n strychnine solution to the cortex. This spiking continued for fifteen 
o twenty minutes and in twenty to forty minutes the original or normal 
electrocorticogram could again be seen. The decrease in spontaneous 
electrical activity called suppression was reported to come on within a 

few’ minutes after the application of strychnine to L. or A.4s and 
versisted for some fifteen minutes before gradually returning to normal 
in another five to ten minutes. In the same paper (Dusser de Barenne 
ind McCulloch, 1938a) they also reported that strychninization of area | 
eemed to temporarily suppress the electrical activity of area 4. Again 
there was firing of the other post-central regions concomitantly, but in 
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this case both firing and suppression were restricted to the subdivision, 
leg or arm or face, to which the strychninized part of area 1 belonged. 

In a separate paper (Dusser de Barenne, McCulloch and Ogawa, 1938) 
strychninization of F.4s was reported to suppress temporarily the 
electrical activity of F.4 and to a lesser extent of A.4 with no effect upon 
L.4. F.1 was found at times to suppress F.4 and at other times fired 
F.4 without obvious suppression. This latter finding indicates that 
suppression was not an entirely regular phenomenon. 

(b) Development of subcortical pathway for © suppression” and evalua- 
tion of its validity—Dusser de Barenne and McCulloch (1938c) then 
undercut area 4s and found that this prevented suppression of cortical 
electrical activity. On the other hand an incision between 4s and 4 did 
not prevent suppression. From these two points they concluded that 
subcortical connexions were essential to the phenomenon. This under 
cutting of 4s apparently was carried out in only two experiments. In 
view of the irregular fashion in which suppression was elicited, these 
experiments were hardly conclusive. 

In the same paper they reported that the caudate nucleus was fired 
upon strychninization of L.4s or A.4s. Lesions in the head of the caudate 
were immediately followed by a marked increase in the electrical activity 
of A. and L.4 and this persisted for thirty minutes to two hours. The 
authors believed these two points supported the theory that suppres- 
sion was mediated through the caudate; for area 4s was obviously) 
functionally related to the caudate and they argued that damage to 
the caudate removed the suppressor action of area 4s and thus permitted 
more electrical activity in area 4. 

Next they strychninized the caudate and reported that this procedure 
resulted in a “typical temporary suppression in areas A.4 and L.4, 
similar to that appearing after local strychninization of area A.4s o1 
L.4s with, however, no firing of the sensorimotor cortex.” 

It was also stated that after a lesion of the caudate they were unable 
to suppress A.4 and L.4. A review of their paper (still Dusser de Barenne 
and McCulloch. 1938¢) reveals only one such experimental caudate lesion 
definitely carried out. This, again in view of the irregularity of suppres 
sion, cannot be considered conclusive evidence. 

In the same paper they reported on electrograms of the sensory arm 
and leg nuclei of the thalamus, which were recorded simultaneously with 
electrocorticograms of A.4 and L.4. Such recordings were. made both 
before and following the local strychninization of the caudate nucleus 
They found that thalamic electrical activity was suppressed togethe: 
with that of area L. and A.4. In addition since marked diminution in the 
electrical activity of the corresponding area of the sensorimotor cortex 
followed experimental lesions in the sensory nuclei of the thalamus, the 
felt there was a close thalamocortical relationship with reference to 


suppression. From the foregoing points Dusser de Barenne and McCulloch 
concluded that the thalamus fulfilled the requirements for a subcortical 
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structure linking caudate to cerebral cortex as an intermediate stage in 
the pathway by which area 4s influenced area 4. The whole was incor- 
porated in a “‘ suppressor circuit ’’ which had its origin in area 4s, passed 
to the caudate and thence directly or indirectly to the thalamus. From 
he thalamus the pathway ran back to the cortex of area 4. It should 
»e noted that since the authors (Dusser de Barenne and McCulloch, 
1938b) had demonstrated firing of both pre- and post-central cortex by 
strychninization of any particular sensory nucleus of the thalamus, there 
vas nothing surprising about an effect of a “‘ sensory ” thalamic nucleus 
ipon the “ motor ” cortex. 

Lesions of the caudate were followed by increased electrical activity 
ind lesions of the thalamus were followed by a marked diminution of the 
‘lectrical activity of the corresponding sensorimotor area. It was argued 
that the increased cortical electrical activity following the caudate lesion 
favoured the hypothesis that the caudate was part of a suppressor 
ircuit, yet the very opposite result in the case of the thalamus did not 
leter these writers from including it in their circuit as an intermediate 
wint between caudate and cortex. It is of interest that Margaret 
Kennard and Leslie Nims (Kennard and Nims, 1942) in similar acute 
‘xperiments under Dial anzsthesia found that ablations of areas 4+ and 

including the intervening 4s followed by lesions in the caudate and 
sutamen produced no effect on the electrocorticogram of the remaining 
slands of area 4 tissue. Aside from this contradictory finding other 


joints indicate the weakness of the reasoning behind this hypothetical 


suppressor circuit.” The increase in electrical cortical activity following 
vudate lesions was described by Dusser de Barenne and McCulloch as 
ersisting only thirty minutes to two hours. This could be explained 
ipon the basis of firing of injured cells in the caudate as well as on the 
asis of loss of caudate tissue. 


(c) First changes in the definition of ** suppression.”’—In a later paper 
Bailey, Dusser de Barenne, Garol and McCulloch, 1940), there is a 
ignificant change in the definition of suppression. Whereas in the work 
m the macaque suppression referred to a diminution in the electrical 
ctivity of only portions of area 4, now it was taken to mean a diminution 

the cortical electrical activity which began nearest the strychninized 
rea of cortex and swept across the cortex slowly and in the course of 
nany minutes, affecting more remote areas in turn. The * suppressor ”’ 
reas, which previously had fired other parts of the sensory cortex as 
ell as suppressing area 4, were now said only to ‘“ suppress.”” One 
ost-central and one pre-central region were added to the number of 
suppressor strips.” 

Figure 4 illustrates the extent of the ‘‘ suppressor strips.”’ Similar 
iagrams are given in a recent publication (Bailey, von Bonin and 
‘icCulloch, 1950). In these latter it is of interest that only ~ good ” 
esponses are included, others being disregarded. 
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Fic. 4.—The shaded areas in this diagram represent the ‘suppressor bands’ 
in the chimpanzee. This diagram is a modification of the maps of Bailey, Dusset 
de Barenne, Garol and McCulloch (Bailey, Dusser de Barenne, Garol and 


McCulloch, 1940). 


A fair proportion of the cerebral cortex is occupied by the ** suppressor 
strips.’ Taking this together with the following statements (Bailey. 
Dusser de Barenne, Garol and McCulloch, 1940) : ** it is almost impossible 
to compose a reliable diagram of the location, extent, subdivision, and 
functional organization of the ‘ chimpanzee’s’ sensory cortex ” and ** the 
sites of individual strychninizations and electrodes are extremely, 
difficult to homologize from hemisphere to hemisphere ” and * it should 
be emphasized that the diagram of the functional organization of the 
chimpanzee’s sensory cortex shows the maximum of ‘firing’ and 


suppression observed, not in one animal or following one strychninization 


but that it gives the synopsis of all the data collected,” one is led to 
question the justification of organizing the ‘ suppressor ’”’ areas into 
‘suppressor strips.” By manipulation of the two variables of the 
variation of surface cortical pattern and the inconstancy of suppression 
as a response one might describe “‘suppressor circles’ about as readily 
as “suppressor strips.” 

The variability in the elicitation of ** suppression ~” is emphasized in 
the statement of Gellhorn (Gellhorn, 1947): ** we failed frequently to 
produce suppressor effects from a certain cortical point at one time 
although the same point caused a definite suppression of the ECG some 
hours later. We are under the impression that suppressor effects are 
most easily obtained in animals tested eighteen hours or more after 
operation.” The latter remark indeed suggests the possibility that the 
phenomenon may be based on some change in the cerebral tissue conse 
quent upon long exposure of the cortex. It should be noted that in the 
experiments of Dusser de Barenne and McCulloch (Dusser de Barenne 
and McCulloch, 1941a@) some of the animals were maintained alive with 
exposed cortices for three to three and a half days. 

In spite of the change in the concept of “ suppression ” noted above. 
no new work was done to trace possible subcortical pathways ; the assump 
tion was made that the work previously done on the caudate of the 
macaque was applicable here as well. 
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A further paper (Dusser de Barenne, Garol and McCulloch, 1941) 
reviewed the functional organization of the sensory cortex of the 
macaque and brought it into line with the observations upon the 
‘+himpanzee. Now area 4s and the other “‘ suppressor ”’ regions 8, 2 and 
19 only “‘ suppressed ”’ and did not fire any other region. It should be 
noted that it was decided that “ suppression ” previously attributed 
to area 1 was now thought due to stimulation of area 2. No new work 
on subcortical connexions was presented. 

Later (Bailey, von Bonin, Davis, Garol, McCulloch, Roseman and 
Nilviera, 1944) area 24, i.e. the anterior cingulate region, was added to 
the “‘ suppressor” areas. It is interesting that now it was found that 
each and every “suppressor ”’ area was supposed to fire other cortical 
regions. Areas 4s, 8, 2, 19 and 24 all were said to fire a narrow belt of 
cortex on either the dorsal or ventral lip of the sulcus cinguli. This belt 
region was considered to be identical with areas 31 and 32. Strychniniza- 
tion of these areas 31 and 32 did not produce * suppression.” 

(d) The motor aspects of “suppression” and their link with the 
electrocortical response.—Another change had occurred in the elastic 
concept of ‘ suppression.”’ Publications appeared on the motor aspects 
of *‘ suppression.”’ In these papers (Dusser de Barenne and McCulloch, 
1939; Dusser de Barenne and McCulloch, 194la; Dusser de Barenne, 
Garol and McCulloch, 1942) the areas from which the diminution of 
cortical electrical activity in the ‘suppressor strips’ was produced 
were said to be identical with areas from which “* suppression ”’ of motor 
response was obtained. Dusser de Barenne, McCulloch and Garol (1942) 
reported that stimulation of these ** suppressor ”’ bands 

(1) decreased motor response to electrical stimulation of the pre- 

central cortex ; 

(2) arrested motor after-discharge following cortical stimulation ; and 

(3) relaxed existing muscular contraction as judged by palpation of 

muscle bellies and the disappearance of resistance to passive 


movement. 


The ‘suppression’ of cortically-induced motor response came on 
about 4 minutes after electrical stimulation of area 4s, remained for 
6 to 30 minutes and could not be repeated for 30 to 45 minutes. Severing 
the cortico-cortical connexions between 4s and 4 did not prevent 

suppression ’ of motor response. Neither did lesions in the caudate, 
putamen, globus pallidus, thalamus, substantia nigra or removal of the 
cerebellum affect this motor ‘‘ suppression.” A small undercutting of 
the 4s region is said to have prevented the phenomenon, but the number 
of times this undercutting was performed was not given. 

The following quote is significant: ‘“‘ The reason for not reporting 
the negative cases even when they outnumbered the positive cases, is 
that one can deduce anything only from a positive finding. Failure to 


find suppression subsequent to a lesion may be due to any number of 
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causes, but the presence of suppression after a lesion destroying some 
structure clearly indicates that that structure is not necessary for 
suppression.” If one accepts this reasoning, one might argue that the 
failure to obtain “‘ suppression’ after undercutting 4s was a negative 
finding and that, if another experiment involving undercutting of area 
4s was done, suppression of motor response might have been found. 

There is also no mention of how constant motor response was in th: 
absence of ‘‘ suppressor’ band stimulation. In our experiments upoi 
the cat, there were periods of falling away of motor response unrelated 
to any apparent stimulation of the brain beyond the stimuli being 
applied at one minute intervals to the motor cortex. This is all the mor 
important because Dusser de Barenne, Garol and McCulloch used 
manually applied electrodes which are more subject to position chang: 
and, therefore, response change than our fixed electrodes. It is thus possible 
that we have been presented with some post hoc ergo propter hoc reasoning 
and that the falling away of motor response after 4s stimulation was 
pure coincidence. 

Leaving the foregoing point and assuming that “ suppression ”’ of 
motor response does occur as a result of area 4s stimulation, it appears 
clear that neither caudate nor thalamus is necessary for this effect 
This is in contrast to the circuit involved in ** suppression ” of electrical 
activity. Thus “suppression *’ of motor response and “ suppression ” 
of spontaneous electrical activity appear to be separate phenomena 
linked only in that both have rather long latencies and that both are 
said to be elicited from the same cortical regions. This latter link is 
weak indeed when one considers the variables of inconstancy of cortica! 
surface markings and the irregular fashion in which * suppression ”’ is 
elicited. 

(e) The separate motor effects included in ‘‘ suppression,” their latencies 
and cortical distribution—Although ‘* suppression” of cortically induced 
movement has been linked with ** suppression * of motor after-discharg: 
following cortical stimulation and with relaxation of existing muscula: 
contraction, the time-relations of these phenomena are quite different 
The quieting of motor after-discharge following cortical stimulation and 
the relaxation of tone begin within seconds after the onset of stimulation 
of a “suppressor strip,” whereas “ suppression ’”’ of cortically-induced 
movement starts only two to twelve minutes following such stimulation. 
The link between these three phenomena again appears to lie in all being 
elicited from the same cortical regions. Aside from the previously men 
tioned objections regarding variability of cortical pattern and of 
irregularity of response, review of the work of other writers reveals some 
inconsistencies. Clark in his review (Clark, 1949) pointed to Hines’ 
demonstration (Hines, 1937) of inhibition of tonic flexion from area 6 
and noted that this region was not included in any of the “‘ suppressor ” 
regions. Indeed in the monkey Tower and Hines (Tower and Hines, 1935) 
reported inhibition of tonic or clonic states to be exercised by motor 
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pre-motor and pre-frontal cortex. It thus appears that inhibition of 
tonic and clonic states is obtained from areas of cerebral cortex by no 
means co-extensive with those from which long-latency ‘‘suppression” 
of motor response is reported. 

All of the foregoing work was done in the primates. Garol, an associate 
of Dusser de Barenne and McCulloch, repeated some of the procedures 
on the cat (Garol, 1942a, 1942b). He found the same results in the cat 
as had been reported in the monkey and chimpanzee. Thus there were 
four “ suppressor ”’ regions on the lateral surface of the hemisphere from 
which he obtained the long-latency ‘“‘suppression’’ of spontaneous 
electrical activity and of cortically-induced motor response as well as 


-This represents a tracing of Garol’s map of the cat’s cortex (Garol, 1942a). 
The ‘‘ suppressor ’’’ areas are hatched in. 


Fic. 5. 


the more rapid relaxation of muscle tone and arrest of motor after-dis- 
charge. It is interesting to compare the regions from which Garol reported 
inhibition of tone and of motor after-discharge with those regions from 
which Tower (1936) produced the same inhibition. The results are vastly 
different. Tower produced inhibition of tone from the pericruciate 
region and inhibition of after-discharge movement from almos! the whole 
of the cerebral cortex but most marked in the perisylvian and anterior 


cingulate regions. Garol’s “‘ suppressor ” fields, from which he obtained 


inhibition of tone and after-discharge as well as ‘‘suppression”’ of electrical 
activity and motor response are as indicated in fig. 4. 

However, use of the concept of electrocortical “‘ suppressor circuits ”’ 
was made in schemes purporting to explain the motor mechanism of 
tremors, athetosis and other involuntary movements (Bucy, 1942 and 
1949). Some stimulation experiments were carried out in man with 
reports being made of relaxation of spasticity and arrest of tremor from 
the pre-motor cortex (Garol and Bucy, 1944; and Hecaen, David and 
lalairach, 1947). Other investigative surgeons were unable to find any 
evidence of ‘‘ suppression ”’ (Penfield). 

Further experimental work was done by means of implanted electrodes 
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in unanesthetized monkeys (Clark and Ward, 1948). No evidence of 
suppression of motor response was found, although this was sought. 
Some 4 relaxations were obtained in a series of 657 stimulations. There 
was never any indication of inhibition either of movement or of after- 
discharge upon stimulation of an expected “‘ suppressor” area. These 
‘suppressor’ areas were stimulated together with motor cortex 
excitation, with the stimulation being carried out simultaneously, 
consecutively either way or with both consecutive and simultaneous 
excitation. Later Clark, Chow, Gillaspy and Klotz (1949) reported 
producing a long-latency “suppression” of cortically-induced motor 
response from the anterior cingulate region in anzsthetized animals 
while being unable to produce this effect in unanesthetized animals. 
This incidentally is the only confirmation of the long-latency ‘* suppres 
sion’ of cortically-induced motor response. 

The failure to obtain ‘‘ suppression’ in the unanesthetized animal 
suggests that the phenomenon may be consequent upon anesthesia. 
The previously quoted statement by Gellhorn (1947) had suggested that 
the phenomenon of * suppression’ may have been secondary to long 
exposure of the cortex. 

(f) Spreading depression and ** suppression.’—Leao’s work (Leao, 
1944: Leao and Morison, 1945; and Leao, 1947) is of great interest in 
this connexion. He reported a phenomenon which he termed spreading 
depression. This referred to a diminution in the spontaneous electrical 
activity of the cortex which could be elicited from and could spread to 
involve almost any point on the cerebral cortex. Spreading depression 
was more easily induced and was more enduring in the anterior half of 
the hemisphere. Electrical or mechanical stimulation was effective. 
The depression spread out slowly in all directions from the region 
stimulated to involve more distant parts of the cortex in turn. Spon- 
taneous activity returned to normal some five to ten minutes after the 
onset of depression. He noted that sensory responses to peripheral 
stimuli decreased in a parallel fashion with the depression of spontaneous 
electrical cortical activity. This is strikingly similar to what Gellhorn 
later (1947) described as ‘‘ suppression.” 

This lead was pursued further by Sloan and Jasper (1950). They 
found that identical effects on the electrocorticogram were produced by 
the application of strychnine to either “* suppressor ” or “* non-suppressor ”’ 
areas. They also showed that spreading depression would spread across 
an incision in the cortex where the cut surfaces were contiguous, but 
would not spread into an area which had been “insulated” by the 
insertion of a strip of cellophane into an otherwise similar incision. This 
makes it unnecessary to postulate subcortical pathways for spreading 


depression and by analogy for “ swppression.”’ (It will be recalled that 


one of the reasons for postulating a subcortical pathway for “‘ suppres 
sion’ was that it could be obtained following incision of the cortex 
between “‘ suppressor’ and other cortical regions.) This explanation 
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for what had previously been termed ‘‘ suppression ”” was further 
strengthened when it was found that following undercutting of area 19s 
identical effects could be shown on the electrocorticogram as had been 
described for ‘‘ suppression.” 

It was also shown that when spreading depression was affecting the 
sensory cortex there was a similar decrease in the electrical activity of 
the thalamus. This has since been confirmed (Winokur, Trufant, King 
and O'Leary, 1950). Some of the weaknesses inherent in the inclusion 
of the thalamus as part of the “ suppressor circuit ” have already been 
pointed out. This, then. offers the further point that the decreased 
activity in the electrothalamogram reported in Dusser de Barenne and 
MeCulloch’s work (1938c) could have been secondary to the decrease in 
electrical cortical activity, which in turn was due to inclusion of area 4 
in a wave of spreading depression. 

Another supposed point of difference between spreading depression 
and ‘‘ suppression “ was difference in the behaviour of the threshold of 
the motor cortex, this threshold being increased by ‘* suppression ” and 
unaffected by spreading depression (McCulloch, 1949). Sloan and Jasper 
(1950) found in both cat and monkey that cortically-induced motor 
response and cortical elect rical activity decreased together and returned 
together to normal in the course of a wave of spreading depression. Thus 
these two long-latency effects of * suppression ”’ can be attributed to 
spreading depression. 

Marshall (1950) was also unable to detect any difference between 
‘suppressor ” and “ non-suppressor > areas in his study of the electro- 
cortical activity in the cat. He showed that dehydration predisposed to 
the onset of spreading depression and that good hydration could prevent 
the appearance of the phenomenon. This might explain why Gellhorn 
(1947) obtained “* suppression > most easily in animals tested eighteen 
hours or more after operation. Another point he emphasized was the 
variability of spreading depression. 

It appears, therefore, that the long-latency effects from the 


‘suppressor strips” are little more than a mis-construction of the 
} | 


phenomenon of spreading depression. The assignment of “ suppression > 
(or spreading depression) to strips is likely due to lack of consideration 
of the two independent variables of inconstaney of cortical surface 
markings and inconstancy of the phenomenon ‘suppression (or 
spreading depression). 

(g) Relation of the short-latency effects of ** suppression to inhibition. 
Most of the confusion concerning ~ suppression ** is due to the unwarranted 
linkage of the phenomena which. as we have seen above, are due to 
spreading depression with a large group of observations on the inhibitory 
functions of the cerebral cortex, basal ganglia, cerebellum and reticular 
formation (Austin and Jasper, 1950a and b: Hines, 1937: Kaada. 1950; 
Kremer, 1947; Langworthy, 1928 ; Liddell and Phillips. 1946 ; Lindsley, 
Schreiner and Magoun, 1949 ; Magoun, 1944 ; Magoun and Rhines, 1946 ; 





240 RALPH DRUCKMAN 


Mettler, Ades, Lipman and Culler, 1939; Mettler, 1942; Niemer and 
Magoun, 1947; Rioch and Rosenblueth, 1935; Smith, 1945; Snider, 
McCulloch and Magoun, 1949; Tower and Hines, 1935; Tower, 1936 ; 
Ward, 1948). 

The work of Langworthy (1928) and later Hines (1937) indicated the 
presence of a region in the pre-motor cortex whose ablation was followed 


by signs of spasticity and reciprocally whose stimulation was associated 
with relaxation of muscle tone. Other workers also reported inhibitory 
results from stimulation of the cerebral cortex but it is interesting to 
note that such inhibitory cortical areas were by no means co-extensive 
with the areas whose ablation was followed by spasticity. ‘Tower (1935), 
for example, found she could inhibit motor after-discharge in the cat 
from almost any cortical area. Further as Clark (1949) has pointed out 
Ward (1948) found that ablation of all the “ suppressor ” strips in the 
monkey did not produce spasticity, vet stimulation of each of these 
‘ suppressor ”’ zones was supposed to have some short-latency inhibitory 
effects. 

Inhibition can easily be separated from the long-latency “‘ suppression ”’ 
or spreading depression on the basis of latency, the inhibitory effect 
coming on within seconds of the application of the stimulus and the 
latter, i.e. ‘“‘ suppression ’ or depression of motor response, only some 
minutes later. 

Stimulation of the basal ganglia has also been found to have the short 
latency inhibitory effects (Mettler, Ades, Lipman and Culler, 1939 ; 
Mettler, 1942 ; Freeman and Krasno, 1940). The reciprocal experiment, 
namely ablation of the basal ganglia, has been found to increase the 
spasticity consequent to frontal lesions (Mettler, 1942; Kennard, 1944 ; 
Liddell and Phillips, 1946). 

Magoun and his co-workers demonstrated a region in the reticular 
formation which had short-latency inhibitory effects (Magoun, 1944 ; 
Magoun and Rhines, 1946; Niemer and Magoun, 1947). Stimulation 
here simultaneously inhibited cortically-induced movements, deep 
tendon reflexes and nociceptive reflexes. (This incidentally offers a 
further difference from “‘ suppression ”’ from the cortex, for “‘ suppression ” 
had no effect upon the deep tendon reflexes during the period of depression 
of cortically-induced movement (Dusser de Barenne and McCulloch, 
19415). 

Connexions to this inhibitory centre in the medullary reticular forma- 
tion were demonstrated physiologically from the other regions, such as 
area 4s and the anterior lobe of the cerebellum, whose stimulation was 
associated with short-latency inhibition (McCulloch, Graf and Magoun, 
1946; Snider, McCulloch and Magoun, 1949). Anatomical verification 
of some of the possible connexions involved in this inhibition has been 
obtained (Glees, 1944; Woodburne, Crosby and McCotter, 1946) but 
there is still some disagreement about other connexions as is evident 
upon comparison of Ward’s study of connexions of area 24 to the reticular 
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formation (Ward, 1948) with the work of Glees and his co-workers (Glees, 
Cole, Whitty and Cairns, 1950). It should be remembered that only 
irea 4s of all the so-called “ suppressor ’’ areas was found to connect 
with the reticular formation (McCulloch, Graf and Magoun, 1946). The 
reticulospinal tracts were shown to mediate the inhibition from the 
brain stem to the cord (Niemer and Magoun, 1947). Since section of 
the brain-stem above the level stimulated did not abolish the inhibitory 
‘fects, it would appear that no higher structures need be involved in the 
production of inhibition (Niemer and Magoun, 1947). This essentially 
lownstream effect is also indicated in the work of Austin and Jasper 
1950a and 6) who obtained inhibition from deep structures following 
removal of sensorimotor cortex. Such experiments make one question 
further the significance of the postulated “suppressor circuits,’’ whose 
ction is thought to be upstream on the “ motor ”’ cortex. 

Thus _ short-latency inhibitory functions are present in the cortex, 
asal ganglia, cerebellum and reticular formation. There is no reliable 
evidence that such inhibition functions by means of something analogous 
to * suppressor circuits,’ and much of the work indicates an essentially 
lescending or downstream mechanism. Neither is there any reliable 
evidence that the long-latency effects of “ suppression” are different 
from Leao’s spreading depression. Since spreading depression can be 
elicited from almost any region of the cortex, there can be no depressor 
or ‘ suppressor ”’ strips. This review has indicated that the short-latency 
nhibitory phenomena which may be elicited from these ‘‘ suppressor 
strips ’’ are also elicitable from many other cortical regions. 

Thus since ‘“ suppression ’’ is identical with spreading depression in 
its long-latency effects upon cortical electrical activity and cortically- 
induced motor response and since the short-latency inhibitory effects 
upon motor after-discharge and muscle tone are not limited to the 
regions marked out as “‘ suppressor,’ it would perhaps be best to dis- 
continue the use of the term ‘“ suppression.’”” The use of the alternate 
terms of spreading depression and inhibition of muscle tone or motor 
ifter-discharge would probably do much to clarify thinking in this 
field. 

SUMMARY AND CONCLUSIONS 


In experiments on the cat we have carried out concomitant stimulation 
of ** motor ’’ cortex and other cortical regions in order to test the effects 
of stimulation of “ suppressor’ and “ non-suppressor’’ regions upon 
cortically-induced motor response. The effects of excitation of both 


‘suppressor’ and “ non-suppressor ”’ cortical regions on electrocortical 
activity, motor after-discharge and resting muscle tension were noted 
as well. From these investigations and a review of the pertinent literature 
we have reached the following conclusions : 


(1) We have been unable to confirm the existence of “ suppressor ”’ 
areas in the cat. Stimulation of regions designated as “ suppressor ”’ 
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did not shorten the period of motor after-discharge following cortical 
stimulation. The long-latency reductions of cortically-induced movement 
and of electrocortical activity following excitation of the “ suppressor ”’ 
regions were most inconstant responses and a similar variation was 
obtained upon stimulation of regions other than ‘ suppressor.” 


(2) Inhibition of cortically-induced movement was produced by 
stimulation of the anterior cingulate region. This inhibition was not 
associated with contraction of the antagonist of the muscle in question. 
Thus inhibition distinct from reciprocal inhibition can be elicited: from 
the cerebral cortex. 

(3) A review of the concept of ‘ suppression’ has revealed many 
inconsistencies. The term “ suppression *’ includes separate phenomena 
namely spreading depression, inhibition of muscle tone and inhibition 


of cortically-induced motor after-discharge. Each of these effects has 
been obtained from regions other than those designated as “ suppressor. ” 
Since these phenomena are unrelated, it is suggested that the term 
‘suppression be discarded and the use be made individually of the 


terms spreading depression. inhibition of muscle tone and inhibition of 
motor after-discharge. 
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FUNCTIONS OF THE ORBITAL GYRI OF CATS 
BY 


W. R. HESS, K. AKERT and D. A. MCDONALD! 


(Physiologisches Institut der Universitat Ziivich) 
INTRODUCTION 


THE purpose of this paper is to report the results of stimulating the 
undersurface of the frontal lobes in cats both in narcotized and freely 
moving, conscious animals The analysis of the effects seen in the 
narcotized animal is made by comparing them with the accompanying 
somatic and behavioural activity in the conscious animal. This latter is 
possible by using the preimplanted needle electrode technique which has 
been developed in this institute and which has been extensively employed 
in studies of the diencephalon. Similar experiments have been made by 
stimulating various subcortical levels and the central ends of peripheral! 
nerves. These are all reported briefly when comparisons arise that are 
of interest. The vegetative effects that are seen in narcotized animals 
with this technique have already been reported by us (Hess, Akert and 
McDonald, 1951) and a preliminary report of the present work, illustrated 
by a film, has been presented to the Physiological Society (Akert, Hess 
and McDonald, 1951). A further analysis, in German, of the observa 
tions on the orbital gyrus has also been made (Hess and Akert, 1951) 
The earlier reporis included comparisons with the cingular gyrus, but in 


the present work the orbital region is the only cortical region considered 


and the emphasis is on the results seen in unanesthetized cats. 

The orbital region has been the subject of much research in recent 
years ; for although Spencer (1894) had made an extensive study of the 
region there was little interest taken in it until Bailey and Bremer (1938) 
reported that stimulation of the central end of the vagus produced 
electrical activity in this area. Attention was thus directed to this area 
from the cortex of the convexity. Interest was increased by stimulation 
experiments because, in contrast to the pre-motor cortex, autonomic 
effects could apparently be produced without accompanying motot 
effects. Bailey and Sweet (1940) were the first to stimulate this region 
deliberately but Smith (1938) in his studies on the control of respiration 
had encroached on the lateral part of the same area in cats and dogs. 
A further comprehensive study of the autonomic relations of the orbital! 


10f Department of Physiology, St. Bartholomew’s Hospital Medical College 
London, E.C.1. Two study periods in Ziirich were financed by the Leverhulme 
Foundation and Research Fund, St. Bartholomew’s Hospital respectively. 
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region was by Delgado and Livingston (1948) but the animals they used 
were dogs and monkeys and so is not directly comparable with the 
present work in cats. From the same laboratory the work of Sachs, 
Brendler and Fulton (1949) also included experiments in cats together 
with dogs and monkeys and it is of interest to note that they report 
‘ssentially similar findings from all three species from the orbital region. 
Speakman and Babkin (1949) have also studied cats. These papers 
vere all concerned with cardiovascular and respiratory changes in 
nareotized animals. Fulton (1949a, 6) has provided full reviews of this 
subject. 

Motor effects from this orbital region have been denied by some workers. 
Nevertheless Ferrier (1876) described this zone as a ‘‘ mouth centre” 
vecause he observed tongue, mouth and face movements from stimulation 
f this region. Mann (1896) also studied these movements and later 

Economo (1902). A detailed analysis of mastication, lapping and 
similar movements arising from this region was made by Magoun, Ranson 
ind Fisher (1933) in cats, and they described the infolded cortex here 
is an extension of the excitable motor cortex. In view of this it is 
interesting to note that both Smith (1938) and Bailey and Sweet (1940) 
reported licking and chewing movements as an additional finding in 
many of their cases. More recently Delgado (1949b) has described move- 
nents of mouth and tongue in the monkey, dog and cat from this region. 
\lthough earlier workers have assumed the area to be part of the 

motor’ or “‘ pre-motor”’ cortex, the study of the potentials evoked 
by tactile stimulation by Adrian (1941) shows that, in the cat, this 
region includes sensory areas, viz. the primary sensory area for the face 
ind the secondary area for the face, fore- and hind-limbs and the trunk. 
Parallel work has been done by Marshall, Woolsey and Bard (1941), 
Woolsey, Marshall and Bard (1942) and Woolsey and Fairman (1946). 
[here is, therefore, considerable evidence that the lateral orbital region 
receives sensory projections, and also that stimulation of this region of 
the cortex provokes movements. The work reported here, which, for 
the first time, analyses the behaviour of conscious animals during orbital 
stimulation, suggests that the movements are analogous to those pro- 
voked by tactile or nociceptive stimulation of the face, tongue, lips, 
iws and forepaws. This is described in detail, and appears to be of 
primary importance in considering the function of this area of the cortex. 


METHODS 

The technique of stimulation for use in cats has been previously described 
Hess, 1932, 1949). Briefly, it is as follows. Extremely fine steel electrodes are 
nserted into the brain through holes drilled in the cranium. They are held fast 
to the skull by a small framework screwed to the bone. The needles are 0-25 mm. 
in diameter and are insulated to within 1 mm. of the tip. By an arrangement of 
vashers it is possible to advance the stimulating points during the course of the 
experiment. Normally three pairs of twin monopolar electrodes were placed at 
i-5 mm, intervals in the animal’s head, and these are named A, B and C from 
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before backwards. The frame functioned as an indifferent anode. With the washers 
mentioned this gives a total of 12, or in certain cases 18, points to be stimulate: 
in each case. 

The stimuli used were direct current pulses produced by a mechanically 
operated interrupter so arranged as to depolarize the electrodes in between pulses 
The usual rate of stimulation was 8 pulses/sec. but the frequency could be varie: 
from 2/sec. to 15/sec Faradic current from a coil working at a frequency of about 
30/sec. was also used on occasion as a comparison. The usual duration of stimulatio1 
was 30 sec. with intervals of about 1 min. 

Narcosis, where used, was Numal (Roche) 0-5 ml./kg. In the case of the 
unanesthetized animals, the placing of the electrodes was done under nitrou 
oxide inhalation narcosis and the experiment started after the cat had recovered 

Recording of experiments on the free-moving cats was made by cinematograpl 
films, and by observations dictated during the experiment. In the narcotize 
animals blood-pressure was recorded with a mercury manometer, and respiratio1 
with a tambour operating with a reservoir of oxygen that was periodically refilled 
while the expired carbon-dioxide was absorbed with soda-lime. Periods of 
stimulation were recorded on kymograph records, and, in the films, indicated by a 
light shining. The latency and after-discharge of effects observed were considered 
of great importance in the analysis of results. 

Animals were sacrificed at the end of experiments and the brain perfused witl 
formalin. After fixation serial sections of the brains were made (Colloidin) and 
were either stained for cells (Nissl) or fibres (Heidenhain) and also for iron by the 
ferricyanide method to indicate the exact position of the electrode points. The 
composite results of the localization of the series of cases were then plotted on a 
formal diagram. The exact anatomical localization has been the especial interest 
of Frl. V. Biicher of this Institute, to whom we express our gratitude. 


ANATOMICAL DESCRIPTION OF THE ZONES STIMULATED 

The orbital region stimulated is shown in figs. 1 and 2. It lies in the 
region of the sulcus orbitalis, involving the gyrus suprasylvius anterio1 
and the sulcus presylvius. Commonly, owing to the obliquity of the 
cortex the anterior electrodes were found to lie in the sulcus presylvius 
or the gyrus orbitalis. The next pair were somewhat deeper in the under 
lying white matter and the most posterior were often in the anterior part 
of the claustrum. Where there has been doubt that the cortical area in 
question or its immediate fibre connexions were indeed being stimulated 
then the effects from that electrode setting were discarded. 

In this region 10 cases were studied comprising 109 points in all 
16 points were in narcotized cats and 93 were in conscious animals. 


Other parts of the brain that were especially studied were the medial! 


part of the ventral nucleus of the thalamus (nucleus ventro-lateralis pars 
medialis of Walker (1938), and regions immediately rostrad. It lies 
between and slightly lateral to the mamillo-thalamie tract (of Vicq 
d’Azyr) and the tract of Mevnert. In Marchi preparations degenerating 
fibres of the trigeminal fillet appear to end in this zone. The electrodes 
that were used make it possible to make extremely small coagulation 
lesions in the brain-stems. Almost a 100 such preparations have been 
studied by the Marchi method in this Institute. In 6 cases the lesion 
was confined to this region of the ventral nucleus. Briefly, we may say 
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that these cases showed cortico-petal degenerating fibres running to the 
orbital zone that we have stimulated. This observation is in agreement 
with those of Waller (1940) who, using retrograde degeneration in cats, 
has studied the thalamo-cortical connexions of this region. The anatomical 
localization of the effects described in this paper have been discussed in 
detail by Hess and Akert (1951). 

Electrical stimulation of peripheral nerves for comparison with cortical 
effects has already been described (Hess, Akert and McDonald, 1951). 
Tactile stimulation of conscious cats in the trigeminal region, to compare 
their behaviour after a naturally occurring stimulus with behaviour 
during cortical stimulation. has also been made. 


RESULTS 

The following description is an attempt at a verbal description of the 
visual analysis of the movements of the freely moving cat that should be 
made directly from the cinematographic film records or from prints of 
individual frames. They will be arbitrarily divided into three groups : 
i) contralateral ; (ii) ipsilateral ; and (iii) cyclic rhythmical movements, 
usually bilateral. They are not mutually exclusive for a contralateral 
closure of the eye, for example, might be associated with lapping 
automatism of the tongue, and ipsilateral movement of whiskers and 
lapping were commonly seen together. 

(Contralateral movements as isolated phenomena (from 44 points) were 
most commonly seen in the face region, thus twitching of the whiskers 
ind upper lip, the nostril, or the eyelids. Occasionally twitching of the 
ear was seen with a generalized response, but never alone. The rhythm 
of the stimulus (8/sec., 2/sec.) was followed closely in the response. The 
»hasic element, however, was not alone. Recruitment occurred so that 
there was a progressive summation of effects amounting to a tonic, 
ilmost tetanic response. In the eyelids, for example, there would first 
be marked twitching but the eye was closed steadily (fig. 34) and the 
phasic contractions were smoothed into a maintained closure of the lids. 

The lowest threshold for response was 0-5 volt. With progressively 
stronger stimuli the response would be more pronounced ; its character 
would remain unchanged but would irradiate to neighbouring regions. 
Stimuli stronger than 2 volts were avoided in conscious animals and even 
with this voltage there was danger of inducing an epileptic attack. 

Together with eye-closure there was sometimes a drawing back of the 
head as if to remove the face from an unpleasant stimulus. 

[ psilateral movements of the face were also frequently seen (29 points) 
but less often than contralateral. The movement seen most commonly 
was of the angle of the mouth and involving the whiskers (fig. 4). The 
threshold was 0-5 V. or 0-75 V. and the rhythm of response followed 
that of stimulation except that it tended to be slower near threshold 
values. The after-discharge was longer than in contralateral effects as 
ilso was the latency of onset. Ipsilateral closure of the eye which could 
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not be distinguished from the type of contralateral closure described 
above was occasionally seen (3 cases) (fig. 3B). Increase in the stimulation 
voltage, as with the contralateral effects, will cause an increase in the 
degree of movement and irradiation to adjoining regions; first over 
the same side of the face and then to the contralateral side so that 
ultimately a bilateral response resulted. Ipsilateral movements were 
almost invariably accompanied at some stage by movements of the 
‘ eyclical ** type described below. The behaviour of the cat in moving 
the lids during a corneal reflex or during repeated irritation of the oculai 
region showed a marked similarity to the twitching with progressive 
closure of the eye due to cortical stimulation. Reiterated tactile stimula 
tion of the face also gave rise to twitches of whiskers or cheek that were 
also very much like those seen with electrical stimulation. Persistent 
irritation causes first an ipsilateral effect in the region touched which 
spreads over the same side and then to the other side of the face. This 
progression is indistinguishable from the irradiation shown with the 
stronger electrical stimuli described above. 

Cyclical effects—This term is used to include movements, usually 
complete and apparently purposive, that were carried out by the animal 
as a result of stimulation (41 points). They were performed with a rhythm 
quite independent of the stimulus frequency although it was influenced 
by the stimulus intensity. These effects all involved the mouth region. 
They were seen in all experiments. The simplest type involving the 
tongue alone is that of licking and lapping. The distinction we make is 
that licking was the protrusion of the tongue, turning upward over the 
upper lip and nose and withdrawn into the mouth again as if to remove 
an irritant (figs. 4 and 6). This interpretation was supported by the 
fact that sometimes the same movement would be accompanied by a 
characteristically catlike shaking of the head rapidly from side to side 
once or twice, or throwing it rapidly back. Lapping, on the other hand, 
was the extrusion of the tongue downwards followed by a sweep forward 
and then curling back into the mouth (fig. 5). It was the typical movement 
of a cat lapping milk, and was sometimes accompanied by a movement 
of the head forward and downward as if to drink. 

Snapping also occurred as an organized movement. The teeth were 
bared and a rapid snapping, usually 3-4/sec. were made. The tongue 
was not protruded and was often rubbed against the gums or anterior 
part of the palate. The animal was clearly disquieted and the appearance 
was one of movements subsequent to a sensation in the front of the 
buccal cavity. Akin to this response was palate-licking, in which the 
lateral stretching of the mouth baring the teeth was more marked, but 
the mouth was kept half open and the tongue was strenuously rubbed 
along the roof of the mouth. Salivation usually accompanied this strong 
reaction. Movement of the forepaw up to the side of the mouth was seen 
as part of the organized reaction. The next distinct type of response 
was retching which never progressed to real vomiting (fig. 8). It appeared 
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to be a response to sensations referred to the pharynx. Finally there 
was a most striking response in which the cat reared up with its mouth 
open and every appearance of distress, while its tongue was agitated 
and the forepaw (ipsilateral or contralateral) repeatedly tugged at the 
mouth (fig. 7). It has been dubbed the “‘ Hair-in-the-mouth ”’ response, 
which is descriptive, if not as precise as might be deemed desirable. 

The threshold for this group of responses was 0-75 V. but at this level 
the latent period is from 10-15 sec. and the movements appear as isolated 
groups of 3 or 4. With 1-0 V. the latent period was less and a regular 
rhythm of from 2—3/sec. appeared. With 2-0 volts the latency was only 
|-2 sec. and the rhythm was accelerated to 4-5/sec. and the after-discharge 
consisted of 3-4 beats. No constant differences were noted in the few 
cases where faradic current was used, but it may be noted that the most 
striking case of the “ Hair-in-the-mouth ” response was with faradic 
stimulation, although it was weak (coil distance 28 cm.). 

Threshold effects of this group with direct current pulses were always 
of licking (lapping, lip-licking, snapping, palate-licking). Increase of the 
strength of the stimulus caused irradiation in the sense that lip-licking 
might extend to snapping, then to palate-licking and finally to retching. 
Epileptiform convulsions might occur before these stages were reachea, 
for this group of stimuli showed a very low threshold for such convulsions, 
which were often induced by stimuli of 1-5 V. 


Corresponding movements from the thalamus.—The detailed descriptions 
of the movements elicited from the orbital cortex set out above apply 
equally well to the types of movement that can be elicited from the 
thalamus and which have been described elsewhere (Hess, 1940). The 
relevant zone is in the medial part of the ventral nucleus where the 
trigeminal lemniscus enters, and posteriorly the points are extended 
along the pathway of the trigeminal fillet in the mid-brain. Lateral 
parts of the zone evoke effects involving the mouth ; with more medial 
stimulation the licking and choking movements are produced (Hess and 
Magnus, 1943). Ipsilateral movements were not obtained from the 
ventral nucleus of the thalamus although the cyclical effects were. 


Vegetative effects—In the narcotized animal the most predominant 
effect of stimulation on breathing was inhibitory, causing slowing, on 
occasion with a reduction of the inspiratory amplitude, and, where the 
effect was more marked, causing a complete arrest of respiration. 
Responses tended to be stronger when the electrodes lay in the white 
matter beneath the cortex rather than in the cortex itself. (This is rather 
contrary to the findings of Wall and Pribram (1950) in monkeys. They 
showed that many autonomic effects were obliterated by cutting the 
trigeminal nerve and assumed that reflex responses were operating 
through fibres in the pia mater.) The slowing usually took a few seconds 
to develop fully and then would tend to pass off. A compensatory 
hyperventilation would follow cessation of stimulation. This was the 
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only form of respiratory change seen from the orbital gyrus under 
anesthesia. With low voltages it could be seen without a change in 
blood pressure (fig. 9). 

In the conscious animal, however, slowing or arrest of respiration was 
never seen but a definite acceleration was observed in about half the 
cases ; this was estimated by observing movements of the nostrils and 
flanks. 

Blood-pressure changes were variable. With stimuli of 2-4 V. in the 
narcotized animals there tended to be no result (usual threshold in the 
diencephalon is 0-6 V.), or if a response was present it would be a slight 
fall. Stronger stimulation might produce a definite rise, or a brief fall 
followed by a rise. The maximum rise produced in 30 secs. stimulation 
was 30 mm.Hg. 

The pulse frequency rarely showed any change, if it did it was in the 
same sense as the pressure, i.e. acceleration with pressure rise. 

In the free cats blood-pressure measurement was not desirable. 

Another vegetative effect seen was salivation, usually accompanied 
by mouth and tongue movements in the narcotized animal. In the 
conscious cats tear secretion and nasal secretion were also occasionally 
seen. In both cases they occurred during movements suggesting irritation 
of these zones. 

Diencephalon.—Similar effects on the blood-pressure and on _ the 
respiration have been recorded from stimulation of the diencephalon (sec 
Hess 1938, 1949). In the hypothalamus there is a much greater constancy 
of response from a given point, and the threshold is much lower (0-6 V.). 

The same sort of response can also be evoked from the thalamus 


proper, in the ventral nucleus which projects to the cortical region that 
we have been stimulating (Hess and Muller. 1946). 


Peripheral nerves.—In narcotized animals changes in blood pressure 
and respiration are produced easily by stimulating peripheral nerve 
trunks. often with low voltages. Curves which could not be distinguished 
from those obtained from the results of cortical or thalamic stimulation 
were recorded (Hess, Akert and MeDonald, 1951). In addition, stimulat- 


ing the infra-orbital nerve produced salivation. 


DISCUSSION 


It is clear that the behaviour of the unanesthetized cat during 
stimulation of the cortex is greatly different from the same animal when 
anesthetized. While most authors report that autonomic activity is the 
main response from the orbital region the results reported here show a 
far greater wealth of somatic activity. There can be no reasonable 
doubt that it is the action of the anesthetic that causes the difference 
in effect. The same technique used in narcotized animals of this series 
evoked limited movements of the face which are in all ways comparable 
to those reported by other authors. (We have not used the terms mastica- 
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tion or chewing for they are not descriptive of the way a cat bites meat 
ind then swallows it. The phenomena described, however, are surely 
the same.) The first problem of interpretation is to decide whether the 
irea stimulated is a part of the so-called ‘‘ motor ”’ cortex, that is, has 
‘ferent corticobulbar and corticospinal fibres. _Magoun; Ranson and 
Fisher (1933) were of this opinion and by stimulating progressively at 
subcortical levels they demonstrated pathways along which the same 
‘fects could be evoked. There can be no absolute proof, however, that 
hey were describing true efferent fibres from this region. Delgado (1949a) 
n describing similar movements from the buried cortex in the sulcus 
wesylvius of the dog, also refers to it as part of the ‘‘ motor”’ cortex. 
[his assumption is not necessarily justified. The behaviour of our con- 
scious cats as analysed in the film records can only be adequately 
lescribed in terms of responses to sensations. A cat will lick its lip in 
| purposive way as if it felt something there, or if the stimulus is stronger 
t will attempt to withdraw from pain or dislodge the offending irritant 
1v shaking its head. The movements have every appearance of being 
sensorily induced and we define them as sensorimotor in distinction to 
jure motor. This concept is by no means new, but has been lost sight of 


in recent years. Bremer (1923) studied the region of the cat’s cortex 


‘ausing mastication and elicited movements of the face, mouth and 
jaw from the same region as we have studied. The types of movements 
vere identical in character to those induced reflexly. The area also was, 
it least in part, the same as the area which Dusser de Barenne (1916) 

id strychninized and caused hyperesthesia of the face region. 

nfortunately for us, the bulk of Bremer’s work then and subsequently, 
nd of his co-workers (e.g. Ectors, 1936), has been on the more accessible 
nastication zone of the rabbit. The analogies between these species are 
difficult to draw, but this school have demonstrated that there is a 
sensory projection into the mastication zone. 

Our interpretation of the evidence is similar. The character of the 
responses suggest that they are initiated through multi-neuronal path- 
ways of varying complexity. They show latency and after-discharge ; 
they show summation and recruitment, even in the apparently simple 
movements of the face, that are most like the direct effect of stimulating 
if the motor cortex ; many of the movements show great complexity of 
organization and the rhythm of response is quite independent of the 
rhythm of stimulation. ‘The successive types of responses present an 
analogy with the spinal reflex movements described by Sherrington in 
dogs. The flexion reflex, with the response following the stimulus very 
closely, is like the contralateral face movements described here; the 
recruitment of the crossed extensor reflex is like the progressive closing 
of the eyes we describe ; the independence of the rhythm of response and 
complexity of organisation of the scratch-reflex is comparable to the 

cyclical > movements of the cat’s mouth. The contrast between simply 
evoked movements and organized responses is also characteristic of the 
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differences between ‘* Motor’ and ‘ Pre-motor”’ cortical stimulation 
The analogy we draw with reflex ares is a better explanation of ou: 
results because precisely similar effects to the stimulation of cortica 
areas result from the excitation of zones that are generally agreed to bi 
sensory (i.e. with cortico-petal projections). Thus, they arise fron 
stimulation of the medial part of the ventral nucleus of the thalamus 
and again from the thalamo-cortical radiation (Magnus, 1945 ; Hess and 
Magnus, 1943; Hess and Weisschedel, 1951). As seen in the anatomica 
description above we have some evidence of the anatomical connexion 
between this part of the thalamus and the orbital gyrus. Furthermor: 
the movements are very similar to those provoked by naturally ocecurrin 
tactile stimuli. If our interpretation is correct then in the region stimu 
lated (fig. | and 2) there is a sensory projection of the face (trigeminal 
area, including the sensitive snout region, and the mucosa of the buccal! 
cavity, pharynx and larynx, which thus form an organized sensor 
area. ‘Taste may well be also represented to account for the lapping 
behavour, as it was in Bremer’s opinion (1923). The more complex 
responses are all in the nature either of defence mechanisms protecting 
the face and eyes and the entry into the respiratory tract and alimentary) 
canal, or of activities associated with feeding. This sensory representation 
is strikingly in agreement with the map of cortical areas in the cat where 
tactile stimulation evoked electrical activity (Adrian, 1941). This wor! 
is particularly significant because natural stimuli were used and _ not 
electrical stimulation of a mixed nerve trunk, which is biologically of 
doubtful significance. Compared with his map, our region covers the 
lowest (or face) zone of the primary sensory area and the foremost part 
of the secondary sensory area. The localization of electrodes in ou 
experiments suggests that the upper positions which evoked contralateral! 
movements were in the primary sensory zone of Adrian. The most direct 
sensory projection are known to be crossed. The bilateral cyclic automa 
tisms, however, appear to arise from points in the secondary sensory 
area which are known to have marked bilateral projections. From the 
work of Woolsey and Fairman (1946) it seems likely that the ipsilateral 
representation of the face is related to the primary sensory area but lies 
in the most ventral part of it. In our experiments ipsilateral movements 
and automatisms arose from points that could not be distinguished one 
from the other, and in fact, were usually seen at the same electrode unde! 
differing stimulation conditions. Ipsilateral and contralateral move 
ments, on the other hand, were not seen from the same point. We do 
not have precise evidence to suggest that there is an ipsilateral sensory 
projection for the face distinct from both the main crossed primary area 
and the secondary area, and such evidence as we have indicates that the 


ipsilateral representation is closely associated with the secondary area. 


It is tempting to try and allot subdivisions of the secondary zone. In one 
case (No. 430) the foremost electrode caused licking of the lips, the 
middle position irritation in the mouth and the posterior position a 
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fully developed “‘ hair-in-the-mouth ” effect with gagging, retching and 
scraping at the mouth with the forepaws. This suggests that just as the 
head is anterior to the forelimbs in representation in this area, so are 
the lips, mouth and throat represented separately within the face zone. 
However, there seems to be marked overlapping of representation and 
no composite map shows a distribution of these effects that can be 
called anatomically significant. 

The observations of Bailey and Bremer (1938) that stimulation of the 
central end of the vagus nerve provoked electrical activity in the orbita] 
surface are relevant in this context. It is most interesting to note that 
such stimulation also provoked licking and mastication, as it indicates 
that we are, indeed, dealing with the same region. In view of our concept 
of the projection areas of the orbital surface of the cat we suggest that 
it may well be the sensory fibres of the recurrent laryngeal nerve and 
not the visceral afferents that caused the electrical activity they recorded. 
(he analysis of the type of afferent causing the activity should clearly 
be made with specific end-organ stimulation, especially since Sachs, 
Brendler and Fulton (1949) report that they could not confirm the 
original findings. The work of Downman (1951) on _ localization 
of cortical activity caused by stimulating the splanchnic nerve in which 
he finds the visceral projection lying in the appropriate part of the 
somatic afferent projection zones, both primary and secondary, must also 
be noted. Although subject to similar difficulties of interpretation as 
stimulation of the whole vagus trunk it does suggest that the two 
systems may be intimately mingled at higher brain levels. 

The autonomic responses reported here in stimulating the orbital 
surface of the cat’s brain are similar to those reported by other authors. 
In particular, the inhibitory effects seen are in a corresponding location 
to those reported in the cat by Smith (1938) and Speakman and Babkin 
1949). They are also comparable to the work on the dog of Delgado and 
Livingston (1948) and the responses mentioned as occurring in both cat 
ind the dog by Sachs, Brendler and Fulton (1949). We do emphasize, 
however, the inconstancy and unpredictability of these effects. Also it 
uppears that the inhibitory effect only occurs in narcosis and that without 
inzesthetice the only affect is an acceleration of respiration. It is, therefore, 
difficult to conceive that this zone forms a normal regulatory mechanism 
of respiration. The two basic controls of respiration are that of the 
degree of ventilation (the minute volume) and that of the type of respiration 
frequency, amplitude and form). The first operates reflexly from receptors 
in the carotid body (chemoreceptors), the carotid sinus (pressure receptors) 
and from the direct effect on the respiratory centure of the medulla by 
chemical changes in the blood. The second depends on reflexes of which 


the receptor organs respond to tension in the lungs, and which have the 
vagus as their main pathway. Experiments using actual different degrees 
of lung-filling as the adequate simulus of the tension receptors show that 
there is a reflex controlling the tone of the diaphragm (see Hess, 1930). 
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Unless the higher centres have a predictable and constant effect on this 
basic respiratory organization one cannot call them a higher level of 
regulation. Stimulation of the orbital gyri never resembles vagal 
stimulation (which causes slower and deeper respiration) or vaga 
inhibition (faster and shallower), in spite of the electrical evidence that 
they are a vagal projection area. The changes of respiration suggest to 
an observer the inhibition due to severe peritoneal pain or the rapid 
breathing of pleurisy and might be due to the projection of viscera! 
afferents, whether vagal or splanchnic, to this area. Similar considerations 
enter into an analysis of the control of blood pressure and the effect of 
cortical stimulation. The relatively high threshold immediately suggest: 
that we are seeing an effect no more specific than a stimulus to any 
sensory nerve. Then we note that from an area causing a blood-pressure 
fall the effect is reversed with increase of stimulus intensity : the latenc, 
of this increase suggests that the stronger stimulus causes a secretion of 
adrenaline. (Wall, 1950, considers this to be a factor in a response t 
cortical stimulation. ) 

The inconstancy and reversibility of the effects are quite unlike those 
seen from hypothalamic stimulation and the threshold is very much 
higher (Hess, 1949). Also the paradoxical behaviour whereby there ma\ 
be a rise of blood pressure but an inhibition of respiration, which is 
often observed in cortical effects, is never seen in the hypothalamus. 

Salivation, as seen in the experiments, can only be interpreted in terms 
of a reflex activation with signs of marked discomfort in the mouth 
Tear and nose-secretion, where they were seen, occurred under simila: 
conditions. In subcortical regions salivation was observed from stimula 
tion of the ventral nucleus of the thalamus, in agreement with the 
report of Baum (1945). This comes in the trigeminal region of the ventra! 
nucleus and can also be elicited from the thalamic radiation from the 
same zone. The basis for a reflex production of saliva, therefore, seems 
to be well established. 

This analysis of the behaviour of cats following stimulation of the 
orbital surface shows that it is primarily a sensory zone, involving 
especially the face, mouth and throat zones. Some movements evoked 
from it are contralateral and mainly simple, and are thought to be 
obtained from the primary sensory avea (somatic I). Other movements 
are ipsilateral, or bilateral, highly organized and purposive (protective) 
in their appearance and seem to be coming from the secondary (somatic 
II) area. Vegetative (autonomic nervous) effects are also evoked from this 
region as other authors have noted. If the movements are to be inter 
preted as due to the sensory representation in this zone then the autonomic 
effects suggest a similar visceral sensory representation. Our evidence 
indicates that this is so for at least the upper parts of the respiratory and 
alimentary canals. As the mouth and nose constitute one of the boundaries 
between exteroceptive and interoceptive systems of sensation the inter- 
mingling of somatic and visceral activity is to be anticipated in the cortical 
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projection area of the face and its neighbourhood. This analysis may be 
novel in its emphasis and it is novel in the use of untrammelled conscious 
animals as subjects. For that reason we hope that it will help towards an 
understanding of the normal cat. Analogies with primates remain a 
problem of comparative anatomy and physiology. The relation to the 
reaction of human beings described by Edinger (1921) as ** Oralsinn ”’ is 
discussed elsewhere (Hess and Akert, 1951). 


= SUMMARY 


(1) The region of the gyrus orbitalis has been stimulated in both 
narcotized and unanesthetized freely moving cats. This was possible by 
using the Hess method of implanted electrodes. Stimulation was by 
lamped direct current pulses (12-5 ms.) at low rates of frequency (2—15/ 
sec. ). 

(2) Other regions of the brain, notably the mid-brain (trigeminal 
fillet), the thalamus (ventral nucleus) and thalamic radiation have also 
een stimulated as a comparison. Tactile stimulation of the face in con- 
scious animals and electrical stimulation of peripheral sensory nerves 
was also done on occasion. 

(3) The most apparent effects from cortical stimulation are movements 
involving the face, mouth, throat and forelimbs. These movements are 
vrouped as (a) contralateral, relatively simple movements of parts of the 
face ; (b) ipsilateral similar in character to the contralateral movements ; 
ind (ce) cyclical, highly organized bilateral movements ranging from 
icking through snapping and retching to a complex reaction which 
looked as if the animal were trying to dislodge a foreign body from the 
mouth. 

(4) Autonomic effects are also seen. Salivation accompanies the 
reactions of the mouth. Rises and falls in blood pressure and depression 
of respiration are seen (in narcotized animals) and acceleration of 
respiration (in unanesthetized animals). 

(5) It is considered that the sensory projection areas of the cat have 
been stimulated. The contralateral movements arise from stimuli in the 
primary (somatic [) sensory area, while “ cyclical *° movements, and 
possibly the ipsilateral movements, arise from the secondary sensory 
somatic IT) area. 

(6) Similar movements can be elicited by stimulation of sensory zones 
in the diencephalon. 

(7) The orbital zone in the cat is considered to be a sensory projection 
wea for face, mouth, nose and pharynx and so for both exteroceptive and 
interoceptive sensation. Artificial stimulation probably produces somatic 
ind visceral effects similar to those naturally consequent on sensations 
irising in the related peripheral areas. 
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CAPTIONS FOR PLATE III. 


lic. 1.—Stimulation zone projected on to the surface of a cat brain. It lies 
ithwart the sulcus orbitalis. White matter deep to the cortex was also stimulated 
and some fibres run from the region of the S. coronalis. 


lic. 2.—Localization of a typical experiment. Frontal sections corresponding 
to Plate II and III of Winkler and Potter’s atlas; Nissl stain. (» 24 enlargement.) 
B.o. Bulbus olfactorius ; G.o. = Gyrus orbitalis ; S.pr. = Sulcus presylvius; 
Sic. Sulcus coronalis. A is left, and B is right side. Needle tracks can be seen 
the transverse lines mark the boundaries of three successive 1 mm. stages of 
1dvancement of the electrodes which had a bared tip of 1 mm. length. Responses : 
1 upper : 0-5 V. Contralateral lid-twitching ; 1-0 V. Ditto, with bilateral twitching 
of the whiskers. A middle: 0-5 V. Frequent licking and swallowing; 1-0 V. 
Protective licking and snapping automatisms. A lower: 0-5 V. No response ; 
1-0 V. Isolated ipsilateral twitches of whiskers ; licking of the upper lip in slow, 
irregular rhythm. On repetition of stimulus later, definite lapping occurred. 





258 W. R. HESS, K. AKERT AND D. A. MCDONALD 


B upper : 0-5 V. Contralateral lid-twitching ; also some movement of the whiskers ; 
1:0 V. Definite contralateral movement of lid and whiskers. B lower : 0-75 V. No 
response ; 1-) V. Weak ipsilateral movement of the whiskers ; 1-5 V. Protective 
licking movements. Also snapping in an autonomous rhythm. 

Fic. 3a.—Contralateral eye-closure. (Cat 481, Electrode A left, upper position ; 
0-75 V.) 

Fic. 38.—Lid closure ipsilaterally induced. (Same as 3a, but electrode advanced 
for 1 mm.) 

Fic. 4.—Licking automatism of upper lip. Accompanying bilateral eye-closure. 
(Cat 461, Electrode C right upper ; 1-5 V.) 

Fic. 5.—Lapping automatism ; accompanied by slight eye-closure, more pro- 


nounced on the ipsilateral side. (Cat 436, A right upper ; 2-0 V.) 


Fic. 6.—Protective licking; the tongue is extruded from the widely-opened 
mouth, and the head is drawn back. (Cat 480, B right lower; 1-25 V.) 


Fic. 7.—The “ Hair-in-the-mouth ”’ response. (Cat 430, B left lower : 2-0 V.) 


Fic. 8.—Retching and accompanying movement of the forepaw. (Cat 480, B 
left lower ; 2-0 V.) 


Fic. 9.—Kymograph tracing showing slowing of respiration without any marked 


change of blood pressure. There is also a narrowing of respiratory amplitude. 


Point Blu was in the white matter. (Cat 427.) 











PLATE III 


Fic. 9. 


To illustrate article by W. R. Hess, Kk. Akert and D, A. McDonald. 














CASTS OF THE VENTRICLES OF THE BRAIN 
BY 
DAVID WOOLLAM 


De partine nt of d 1) atomy a l Tpive vsity of Camb) idgeé 


THE effects produced by a space-occupying lesion inside the cranial 
cavity are often difficult to visualize because of the difficulty of forming 
in adequate picture of the appearance of the ventricles of the brain. 
[he information gained by the study of ventriculograms obtained 
luring life is difficult to correlate with the post-mortem appearance, 
unless a cast of the ventricles is available. Such casts are not commonly 
prepared because of the labour and time involved if one of the traditional 
nethods is used. 

HISTORICAL 


The production of casts of the ventricles of the brain is a problem 


which has exercised the minds of some of the great figures of Anatomy. 


The first person to prepare casts of the ventricles of the brain appears to 

have been Leonardo da Vinci who removed a brain from the body and 

injected the ventricles with melted wax. His description of this experi- 
nent was as follows : 

‘“ Make two air-holes in the horns of the greater ventricle and take melted 

wax with a syringe, making an opening in the ventricle of memory (i.e. the fourth 

ventricle) and fill through this opening the three ventricles of the brain. And 


then when the wax has solidified, dissect the brain and vou will see the form of 


the three ventricles distinctly. But first place slender tubes in the air-holes so 


that the air that is in these ventricles may escape and give place to the wax 

which enters the ventricles.’’ 

Leonardo da Vinci quoted by McMurrich, 1930.) 

The drawings made by Leonardo of his casts give an erroneous shape 
to the third ventricle and do not show the inferior horns of the lateral 
ventricles. The pressure required to force the wax through the constric- 
tion presented by the aqueduct of Svlvius must have broken the thin 
roof of the third ventricle. This would account for the distorted shape 
f the third ventricle and also for the failure of the wax to enter the 
inferior horns of the lateral ventricles. 

In spite of these defects, the pioneer nature of Leonardo’s work can be 
realized when we note that the next illustration of a cast of the ventricles 
f the brain appears in the literature nearly four hundred years later. 
This is the cast made by Welcker (1878). He adapted the method of 
Rauber (1873) for making casts of cavities and injected wax through 
the infundibulum to obtain a cast of the ventricular cavities. 

BRAIN—VOL. LXXV 18 
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A curious cast of the third and fourth ventricles was described by 
Hilton (1930) in his Lectures on Rest and Pain. This was produced by 
blood clot in the ventricles and was found in the brain of a patient who 
died suddenly of apoplexy in a public house. 

Retzius (1900) and Testut (1929) prepared casts of the ventricles in 
Wood’s metal. These are the casts which have been copied in the 
standard textbooks of Anatomy. The cast prepared by Retzius differs 
markedly from that cf Testut. the lateral ventricles being less slende: 
and more upright, and this has apparently been accepted by the authors 
of anatomical textbooks as the norm. and has replaced the cast of Testut. 

Wakelin Barratt (1902) reconstructed the ventricles from thick serial 
sections of the brain hardened in bichromate. Spitzka (1901) cut two 
brains into sections and by a simple method of drawing projected the 
outline of the ventricles on to the surface of the brain. Harvey (1910) 
made a cast of the adult brain in Wood's metal. using a brain hardened 
in formalin and cut into four slices. Locke (1926) injected a celloidin 
camphor-acetone mass under a pressure of 200-400 mm. of mercury 
through the skull into the lateral ventricles of fresh human cadavers 
He allowed the mass to solidify and then removed the cast by corrosion 
of the head with hydrochloric acid. Torkildsen (1933) injected the ventri 
cles of brains removed from the body with melted paraffin and con 
structed a brass model based partly on the casts produced by this method 
and partly on the results of ventriculograms obtained by the method of 
Dandy (1918) from patients who were later proved to have no lesion of 
the cerebrum. 

CRITICAL REVIEW 

Wakelin Barratt (1902) objected to the various methods of preparing 
casts of the ventricles by injection on the grounds that the process of 
injection inevitably distorted the ventricles. He preferred reconstruction 
based upon serial section of the hardened brain. It would appear that 
this process, which entails removal of the brain from the body before 
the reconstruction is made and an inevitable shrinkage from hardening 
in bichromate, is as likely to produce a distorted picture of the ventricles 
as any of the injection methods. 

It would appear that ventriculograms of normal brains represent as 
close a two-dimensional picture of the lateral ventricles as we are likely) 
to obtain. It does not therefore seem unfair that one of the criteria of 
the accuracy of a cast of the ventricles should be the degree to which its 
appearance approximates to that of a ventriculogram. Torkildsen (1933) 
considered that the casts produced by Retzius, Testut and Welcker were 
representative of the condition found in the slightly hydrocephalic 
brain and that the methods employed did not succeed in producing a 
cast unless the brain used was slightly hydrocephalic. 

The method of Locke (1926) has an advantage over the older methods. 
The injection is made into the lateral ventricle of the fresh brain as it 
lies in the skull, and the cast is not removed from the brain until it has 
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set hard. The disadvantage of his method is the high pressure, 200-400 
mm. of mercury, needed to force the viscous mass into the lateral 
ventricle. This may cause dilatation of the ventricles and the illustra- 
tions of the casts of the ventricles given by Locke appear to bear this out. 

The disadvantage of the use of Wood’s metal and wax as injection 
masses is that the brain must be removed from the skull before the injec- 
tion is made. If this is not done, it is not possible to keep the brain 
sufficiently warm during the injection to prevent the mass from setting 
before the whole of the ventricular system is filled. Paraffin wax still 
remains the best medium for making a cast of the ventricles of a brain 
which has been removed from the body but it is useless when the cast 
must be made in situ. The foetal brain, as distinct from the adult, is of 
too soft a consistency for the ventricles to retain their shape when the 
brain is removed from the skull. It was found essential therefore to prepare 
casts of the ventricles of the foetus with the brain in situ. 

A search was accordingly made for an injection-mass with the following 
properties : 

(1) It could be used to form a cast of the ventricles while the brain 
remained in the skull. 

(2) It should be of such a nature that it did not solidify immediately 
following contact with the brain tissue, but only later at a controllable 
point. 

(3) It should be capable of completely filling the ventricular system 
when injected at a low pressure. 

After trial with various resins, waxes and emulsions, it was found 
that the most suitable material was Neoprene 60la. It fulfilled the 
three criteria mentioned above. It did not set upon contact with the 
fresh brain and therefore spread freely through the ventricles. It remained 
liquid until it was deliberately made to solidify. Various methods were 
found useful in setting the neoprene into a cast, e.g. freezing, immersing 
in boiling water or bringing 5 per cent formalin into contact with the 
neoprene. The neoprene did not adhere to the brain and after the cast 
had been made, the brain could be cut in slices, care being taken not to 


damage the cast, and examined by the pathologist in the usual way. 


MATERIALS AND METHOD 

Only fresh material was used. The first step was to make a study of 
the relations of the lateral ventricles to the skull of the animal in order 
to find the best point for the introduction of the needle and to determine 
the depth necessary to reach the lateral ventricle. In the rat, for example, 
thick sections were cut in the coronal plane of the frozen head of one of 
a batch of rats of comparable size. From this series of sections the exact 
point to introduce the needle was determined and the remainder of the 
batch of rats were available for the production of casts of the ventricles. 

With the relatively voluminous lateral ventricles of Man, it was found 
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that there was a wide margin for safety in the position of the needle, 
and consequently very little need for a great deal of accuracy in the 
preliminary calculations. In the Mammalia generally the lateral ventricles 
are less voluminous and their breadth is but small. 

A simple apparatus was devised to deliver the neoprene under a 
pressure that could be controlled. The neoprene was injected through a 
needle by the pressure of air displaced from a Winchester bottle by 
water from the tap, and a manometer was included in the system. In 


animals with thick bony skulls, a trephine hole was made through the 
skull over the collateral trigone of the lateral ventricle of each side. 
A brain needle was then inserted into each trigone through the dura 
and the brain, the minimal puncture being made in the dura. The point 
of entry of the needle was sealed off by painting collodion round the 
aperture and dropping 5 per cent formalin on to the collodion, the 


formalin serving to precipitate any neoprene which collected round 
the needle, thus making the point of entry airtight. In animals with 
thin sku'ls it was not found necessary to make a trephine hole. The 
needle was simply pushed through the skull and dura into the lateral 
ventricle of the brain. Two needles were used in order that one might 
serve for the injection of neoprene and the other for the escape of any 
fluid in the ventricles. The injection was made for two minutes on one 
side under a pressure of 40-60 mm. of mercury. The procedure was then 
reversed and the needle which had been used for the injection was used 
asa vent. When the injection was completed, the needles were withdrawn 
and the point of entry was quick'y sealed off with a piece of cotton-wool 
dipped in collodion and 5 per cent formalin. The liquid neoprene now 
filling the ventricles had to be set. In the case of large animals, a fresh 
trephine hole was made on either side of the skull and 5 per cent formalin 
injected through a fine needle in various directions through the brain 
substance. Alternatively, formalin was injected into the jugular vein of 
the adult or the umbilical vein of the foetus, or the whole head was 
immersed in water and frozen solid. Any of these processes served to 
set the neoprene. Twelve hours later, the brain was removed from the 
skull and placed in 5 per cent formalin for another twelve hours. The 
cast was then sufficiently hard to remove from the brain, either by 
simple extraction or by corrosion with hydrochloric acid. 


Casts of the Ventricles of the Human Fetus 

There are no descriptions in the literature of the ventricles of the 
human foetus, and for this reason the casts which have been made of the 
foetal ventricles are illustrated and discussed. The casts of the ventricles 
are all from stillborn foetuses and the brains may or may not be normal 
Every endeavour has been made to exclude abnormal cases such as those 
with cerebral hemorrhage or hydrocephalus. It might be thought that 
the method of injection would distort the ventricles in the soft fcetal 
brain. Measurements of the ventricles made directly upon the fixed and 
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sectioned foetal brain show that the neoprene injection is accurate. Wax 
impressions of the various parts of the ventricles of the foetus also 
conform to the picture presented by the neoprene casts and the uniform 
appearance of the casts produced also suggests that they represent the 
appearance of the ventricles of the normal foetus. 

The casts illustrated depict the appearance of the ventricles of the 
brain of foetuses of various periods of gestation (figs. 1—5). 


Fic. 1.—Photograph of a cast of the left lateral ventricle of a foetus of five months’ 
gestation, seén from the lateral side. Actual size. 


tc. 2.—Photograph of the same cast seen from the medial side. Actual size. 


To compare the dimensions of the ventricles of the foetus with those 
of the adult it is necessary to have an adult standard. The most accurate 
figures for the dimensions of the ventricles in the adult are undoubtedly 
those of Torkildsen (1933) based as they are upon the study of both 
paraffin casts and ventriculograms. They correspond very closely with 
the dimensions shown in the figures of Spitzka (1901) and since these 
were obtained by a totally different method, there is strong evidence 
that Torkildsen’s figures are correct. The figures given by Torkildsen for 
the adult are given here for comparison with the foetal dimensions. 
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3.—Line-drawing of cast of the ventricles of foetus of six months’ gestation 
seen from above. Actual size. 
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Line-drawing of same cast seen from the right side. Actual size. 


Fic. 5.—Line-drawing of cast of right lateral ventricle, third ventricle and aqueduct 
f foetus of seven months’ gestation seen from the medial side. Actual size. 


Width of 

f. horn ant. hori 

5-month foetus .. 5-0 cm. . m. -4 cm. 1-0 cm. 
6-month foetus .. 5-2cm. 7 cm. 0-8 cm. 
7-month foetus .. 53cm. . : ‘7 cm. 1-2 cm. 
Adult (Torkildsen) 9-2 cm. 5 cm. 1-1 cm. 


It can be seen from these figures that while the length of the lateral 
ventricles of the foetus is approximately half that of the adult, the width 
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of the inferior and anterior horns is the same as in the adult and the 
posterior horn is actually twice as wide. 

The most interesting feature that emerges from a comparison of the 
lateral ventricle of the foetus with that of the adult is the character of 
the posterior horn. Torkildsen (1933) commented on the great variability 
of the posterior horn in the adult, all transitions being seen from a com- 
plete absence to a length of 3 em. On occasions the posterior horn was 
represented by a small cavity which was isolated from the rest of the 
lateral ventricle. This contrasts markedly with the condition of the 
posterior horn in all the foetuses which have been examined. In these, 
the posterior horns have been found to be remarkably uniform in size 
and configuration and the width has been consistently twice that of 
the adult. 

The variations exhibited by the posterior horn of the lateral ventricle 
have long attracted attention. Hastings (1817) associated absence of the 
posterior horn with idiocy and Silbert (1926) considered that a small 
posterior horn on one side of the brain was helpful in diagnosing a tumour 
in the posterior cranial fossa of that side. 

The presence or absence of a posterior horn in animals other than man 
was a point which aroused considerable feeling in the controversy which 
raged in the middle of the last century over the place of Man in the 
unimal kingdom. Flower (1862) and Huxley (1900) took the view that 
Man was not unique in possessing a posterior horn to the lateral ventricle. 
We know now that their view was the correct one. but as Elliot Smith (1902) 
noted, * although a posterior cornu is occasionally found in other orders 
such as the Cetacea, Ungulata (camel), Carnivora (certain seals) it is 
only in the Primates and especially the Anthropoidea that it assumes 
extensive proportions.”’ Certainly it reaches the height of its develop- 
ment in Man and, as this investigation shows. in relation to the size of 
the brain it is consistently much larger in the foetus than in the adult. 

It would seem that the main factor responsible for the differences 
observed between the posterior horn of the foetus and that of the adult 
ind for the variations noted in the adult posterior horn is the growth of 
the cortex and the consequent folding in of the brain in this region. 
The result of this infolding is the production of the parieto-occipital 
ind calearine sulci and the calcarine suleus produces the protrusion 
into the posterior horn known as the calear avis. As Connolly (1940) 
observed, the time of appearance of these sulci is very irregular. They 
may appear at the end of the second foetal month, be obliterated in the 
fifth month and be succeeded by permanent fissures in the sixth month. 
In any event there is no doubt that they increase greatly in depth and 
in the number of their ramifications in post-natal life. This fact probably 
iccounts for the decrease in size of the posterior horn in post-natal life. 

Although it is generally stated that the ventricles increase in size 
with age. this does not appear to be true of the whole of the ventricular 
system. The posterior horn is a case in point and, as Bickers and Adams 





266 DAVID WOOLLAM 


(1949) noted, there is an absolute as well as a relative decrease in the 
size of the lumen of the aqueduct of Sylvius which occurs progressively 
from the second foetal month to the time of birth. This has been con 
firmed and in twenty normal adult aqueducts the cross-sectional area 
failed at all points to equal that found in three fcetuses of varying age 
The central canal of the spinal cord is another illustration of the same 
phenomenon, but it is of much less interest as it lies caudal to the point 
of exit of the cerebrospinal fluid from the ventricular cavity. The fact 
that the dimensions of the aqueduct bear no relation to the size of the 
cavities above them is shown by the casts illustrated (figs. 6 and 7) of 
the ventricles of the adult rat and newborn goat in which the aqueducts 
are of approximately the same size as the aqueduct of the human fcetus 


of seven months’ gestation (fig. 5). 


-Line-drawing of cast of ventricles of newborn goat seen from the left sid 
Actual size 


An attempt might be made to correlate the disposition of certain feat ures 
of the ventricular system with the possession of a particular type of 
vision. Thus in certain animals, e.g. the crocodile, which have a coarst 
nocturnal type of vision, there are optic ventricles and ventricles in the 
tectum but no posterior horn to the lateral ventricle. Conversely, some 
animals which have very accurate diurnal vision, e.g. certain seals, thi 
anthropoid apes and Man, have posterior horns to the lateral ventricles 
but no ventricles in the region of the mid-brain. There are, however 


many examples which could be given to refute the idea of correlating 
the morphology of the ventricular system with the various types of vision. 
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It would seem reasonable to connect the variations in the size of the 
posterior horn only with the degree of folding of the cerebral cortex which 
surrounds it, and generally to ascribe to the lateral ventricles of the 
brain the function of occupying space until it is encroached upon by the 
development of the cortex. Until more is known of the role played by 


the cerebrospinal fluid in the metabolism of the brain, this is as far as 


an investigation of the gross anatomy of the ventricles can carry us. 


SUMMARY 

(1) The methods of preparation of casts of the ventricles of the brain 
described in the literature are reviewed. 

(2) A new method of preparation of casts of the ventricles is described. 
This method is considered to be particularly suitable for the preparation 
of casts of the ventricles in the routine examination of the brain in the 
post-mortem room. 

(3) Casts of the ventricles of the human foetus and of two other 
mammals are illustrated. 

(4) The significance of the salient differences between the ventricles 
of the human foetus and adult is discussed. 


[ wish to express my gratitude to Professor H. A. Harris for his 
constant advice and encouragement, and to Dr. Jack Davies for his helpful 
criticism and suggestions. My thanks are also due to Mr. J. W. Cash for 
his technical assistance and to Mr. J. A. Fairfax Fozzard for the photo- 
sraphie work 
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The Neural Crest. Its properties and derivatives in the light of experi- 
mental research. By S. Horstapivs. 1950. Pp. 111 with 46 
illustrations. Geoffrey Cumberlege. Oxford University Press. 
Price 15s. 

rhis little book is based on a series of lectures given by the author before th« 
University of London. It summarizes and brings up to date all the experimental 
vork which has been carried out on the neural crest since the pioneer and classical 
experiments of Ross Harrison in the first decade of this century. Most of the 
ingenious techniques of modern embryology have been used in this quest ; Raven’s 

xenoplastic ’’ interchange of pieces of neural crest from animals belonging to 
litterent genera (amblystoma, triturus, rana) the cells of which are readily dis 
tinguished by the size and staining properties of their nuclei; Detwiler’s vital 
staining with nile blue and neutral red whereby the daughter cells, arising from 
stained areas, can be traced in their migrations ; removal and re-orientation of 
tissues, which the author has used in investigating the development of head 
structures. Although differences of technique and of animal species have produced 
some discrepancies in the results obtained by various workers, certain facts con 
cerning the derivatives of the neural crest seem now to be definite enough. It 
forms the dorsal root ganglia but their separation from one another depends chiefl 


on segmentation of mesodermal structures. The ganglia of the cranial nerves 


however, appear to receive a contribution from the lateral ectoderm of the head 
Che sympathetic ganglia are derived both from the neural crest and the spinal cord 
Although the neural crest is still considered to be the chief source of sheath of 
Schwann cells, the possibility of contributions from the ventral part of the spina 
ord and, in the head, from the placodal ectoderm has not been finally excluded 
and some authors still uphold an origin from mesodermal structures. The origin of 
most of the tissues of the leptomeninges from the neural crest has also been con 
firmed, but it is doubtful if it gives more than a small contribution to the dura 
mater. In contributing to these membranes, as also to such tissues as cartilage 
membranous bone and teeth, as the author has shown it to do in the head region, 
the neural crest forms an intermediate tissue which he has named ecto-mesenchyme 
Chromatophores also appear to be derived from the neural crest, forming their 
pigment (melanin, xanthin, guanin) in response to interaction with cells of other 
tissues or between themselves. 

rhe printing and format of the book are unusually good ; glazed paper is avoided 
by the use of line and stipple drawings, which the author uses freely to clarify and 
explain the text. 5. GG. 


t 
Meningo-encephalites Brucellosiques. Etudes cliniques et experimentales. 
By H. Roger and Y. Pourstnes. Pp. 120 with 57 illustrations. 

Lj 


Abrairie Maupetit, Marseille. Price 400 fr. 


\lthough given a more generic title this small monograph, from the Mediterranean 
ast, deals only with Malta fever, a disease in which the central nervous system 
ippears often to be affected. The attack of meningo-encephalitis may be the first 
symptom of the disease or may come on during a typical attack of relapsing fever 
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or even after other symptoms have subsided. Commonly the nervous symptoms 
suggest a psychosis or delirium rather than organic disease of the brain. Evidence 
of increased intracranial pressure is not uncommon and a rather characteristic 
symptom is what the authors call attacks of dysasthesia. They describe these as 
episodes, lasting from a few minutes to a quarter, half or even a full hour, beginning 
with paresthesia of the hand, passing up the limb and often involving the face. 
During the attack there is insensitivity and clumsiness of the arm, but no true 
veakness. When the face is affected there is often aphasia. More rarely the attack 
begins in the leg. These attacks are often grouped two or three together on the 
same day and may recur as often as five times over a period of a few months or a 
year. Epileptic attacks of focal character may also occur. 

[he authors pose the problem why the nervous symptoms and signs should 
appear after the general disease seems to be cured and favour the view that the 
symptoms are manifestations of allergy. In favour of this hypothesis is the presence 
yf agglutinins in the cerebrospinal fluid during the later stages of the disease, 
although these are usually of low titre ; and it may be that antigens, coming from 
yutside in the form of heavily infected milk or meat, may cause an allergic response 
in the central nervous system. Some experimental results obtained by the authors 
ire also in favour of this hypothesis. In these experiments guinea-pigs and rabbits, 
previously sensitized to Brucella melitensis, proved more susceptible than controls to 
intracerebral injections of killed cocci or filtered cultures, reacting with a diffuse 
neningo-encephalitis often with papilloedema. 

Of the various forms of treatment which have been used for Malta fever, the 
ewer antibiotics, chloromycetin and aureomycin, appear to offer the best hope of 

ire, but the number of cases of meningo-encephalitis so treated is still small. 
In some cases of chronic meningitis subtentorial decompression has given good 
results but its benefit may be only temporary. 

We are grateful to the authors for drawing attention to a condition for which 
1eurologists should be on the look out although it must be rare in this country. 

. Gc. &. 


Thinking : An Introduction to its Experimental Psychology. By GEORGE 
HUMPHREY. 1951. Methuen. Price 21s. 


In this excellent volume Professor Humphrey summarizes and discusses the 
xperimental work of this century which has been directed toward the analysis of 
thinking. Thinking is defined as ‘‘ what occurs in experience when an organism 
leets, recognizes, and solves a problem ’’: it is more or less synonymous with 

isoning, and its investigation should interest the neurologist who recognizes that 
this process is related to cerebral function. 

Professor Humphrey shows himself to be thoroughly conversant with the con- 
tributions to psychological theory made by neurologists, and the evidence derived 
rom studies of patients with cerebral lesions plays a large part in the development 
f his thesis. The early chapters, while not concerned directly with neurological 
1aterial, summarise the considerable body of experimental work, done in the early 
art of this century, which provides evidence for the frequent occurrence of 

iwweless thought. ‘‘ Thus,” writes Humphrey, ‘‘ the doctrine that speech is 
ecessarily preceded by an idea or image is an obvious outgrowth of the presenta- 
tional psychology and the ideomotor theory, now both abandoned.”’ Neurologists 

ho discuss psychological theory should keep au courant, at least with investigations 
1ade some decades ago ; and one is surprised to find, in a recent contribution to the 
tudy of cortical function, such statements as: ‘‘ Thinking is partly dependent 
pon pre-existing symbolic images. Abstract thinking is entirely dependent upon 
them.” 
rurning to the relationship between language and thought, Professor Humphrey 
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presents an entirely appropriate summary of the evidence accruing from the study 
of aphasia, and brings together the diverse clinical classifications under a simple 
psychological classification. In the same way that image is derived from an 
artificial analysis of what is in fact the process of imagining, so, it is pointed out, is 
the alleged problem of meaning an artificial one, arising from a static view of th: 
activity of language. Furthermore, just as there can be imageless thought, so cat 
there be speechless thought : here a great part of the evidence derives from neuro 
logical studies, and a great deal more of evidence will undoubtedly be uncovered 
by further psychological examinations of patients with cerebral lesions. 

In his tendency to regard learning as a process similar to thinking Professor 
Humphrey’s attitude is reminiscent of Lashley’s equation of intelligence and 
learning. With these conclusions some investigators would tend to disagree, but 
these problems are precisely ones which call for empirical solution in neurological 
studies In fact, many of the problems in the current theory of thinking—the 

central ’’ theory ; the nature of non-language thought ; the problem of ‘* keeping 
to the point ’’—are ones which may well vield, and perhaps may only yield, t 
study of these processes in patients with cerebral lesions. It is to this approach 
the “higher ’”’ problems of neurology that Professor Humphrey’s book forms 
ideal introduction. J. McF. 


Psychosurgery in the Treatment of Mental Disorders and Intractable Pain 
By WaLTrerR FREEMAN and James W. Warts. 1950.) Pp. 598 
Springfield, Illinois ; Charles C. Thomas. Price 77s. 6d. 


[he second edition of this monograph is of interest to all concerned in tl! 
\ 


treatment of mental disease lhe early work of its authors led not only to a 
improvement in the operative technique of Moniz but did much to direct tl 
attention of psychiatrists and neurosurgeons all over the world to the possibilit 
of favourably influencing mental disorders by surgical procedures. The ne 


edition is twice as large as the earlier one and is based upon the authors’ person 





experience of 1,000 cases of prefrontal leucotomy. It is well illustrated, there a1 
numerous helpful tables, and the subject matter is clearly set out. 

The history of the surgery of mental disease is briefly discussed and there at 
chapters of particular interest reviewing knowledge concerning normal and 
damaged frontal lobes, mental mechanisms in this portion of the cerebrum a1 
the relationship of the frontal lobes to the psychoses. The standard technique 0 
prefrontal leucotomy and its variations are considered in detail as also are secondar 
operations. Pre- and post-operative management is fully described and the patient 
condition post-operatively is discussed in detail with sections dealing with suc! 
aspects as occupational, spiritual and recreational adjustment and the effect ot 
operation on creative capacity. 

rhe selection of cases for operation is described and factors which may influenc: 
the success of the prov edure considered. Ihe results of operation receive detailed 
consideration. As regards the standard prefrontal leucotomy the mortality in 
series of 632 patients was 2-4 per cent and it is stated that 5 out of every 6 patients 
of all ages, and diagnoses and both sexes were improved. The proportion of good 
results was 60 per cent in the involutional psychosis, 57 per cent in obsessive tensio1 
states and psychoneuroses and 35 per cent in schizophrenia. In addition the result 
was considered to be good in 43 per cent of a group of patients with intractabl 
pain. The results of transorbital leucotomy in a group of 262 patients are con 
sidered separately. It is surprising to note that the results claimed by the author 
for this procedure are almost equal to those obtained with the open operation 
indeed, better in the case of the obsessive tension states and psychoneuroses. 

The value of this book is, from what has been said, undoubted. However, ther: 
are certain criticisms. The title psychosurgery is inaccurate in that leucotomy 





INTERNATIONAL CONGRESS OF NEUROLOGY, 1953 


alone receives consideration and no information is provided on such procedures 
is topectomy, cortical undercutting and thalamotomy. Certain material could 
be omitted without any diminution in the value of the book and with a gain in 
clarity. Many will find Freeman’s account of transorbital leucotomy horrifying. 
Finally one bas the strong impression that in a book of this type there is no place 
for such remarks as “ the giggly tvpe of hebephrenic makes a nice household pet ”’ 
nd ‘‘ nobody can lick Anno Domini.”’ }..a. Be, OR. 


INTERNATIONAL CONGRESS OF NEUROLOGY, 1953 

lHeE Fifth International Congress of Neurology will be held in Lisbon in mid- 
September 1953. This will be followed by a meeting in Madrid to commemorate 
he anniversary of the birth of Ramon y Cajal. The exact dates of these meetings 

ill be announced later. 

Che General Secretary of the Congress is Dr. Almeida Lima of Lisbon, and the 
National Committee for Great Britain will be : Vice-President, Dr. F. M. R. Walshe ; 
Secretary, Mr. Harvey Jackson ; Treasurer, Dr. Wm. Gooddy. 

rhe Executive Committee which met in Lisbon in July 1951 selected three 
ypics for the symposia of the Congress. Special attention will be paid to the 
1eurosurgical aspects of these subjects. The subject of each symposium and the 
ersons entrusted with the preparation of the programme for these special topics 
ire as follows 

Cerebro-vascular Conditions (two sessions), Drs. Egas Moniz and Alajouanine. 

The Parietal Lobe, Dr. F. M. R. Walshe. 


Metabolic Diseases of the Nervous System, Dr. L. van Bogaert. 


Individual members of the Congress may take part in the discussion of one of these 
pics, provided application is made beforehand to the Secretary-General, and a 
sumé of the proposed communication sent to him not later than February 1, 
933. Five minutes will be allowed for such a communication. 

\fternoon sessions will be arranged for the presentation of papers on various 
bjects. The time limit for individual papers will be ten minutes. Members who 
sh to read a paper should apply to the Secretary of the National Committee to 
hom a summary of the proposed communication must be submitted not later than 
rvember 1, 1952. No Member may make more than one personal communication 


rhere are three categories of Membership of the Congress : 
1) Act Vembervs : Neurologists, Neurosurgeons, Psychiatrists, Neuro- 


pathologists and Electro-encephalographers will be eligible. 


Fee: £5 Os. Od. 


lssociate Membevs : Other medical or scientific workers interested in 
Neurology may attend the Congress as Associate Members. 
Fee: £3 10s. Od. 


Adjunct Members : Lay persons and members of the families of Active 
Memters who are interested in the Congress may apply for Adjunct 
Memtership. 

Fee: £2 Os. Od. 


\pplication for Membership in any category should be made to the Secretary of 
e National Committee, Mr. Harvey Jackson, The National Hospital, Queen 
juare, London, W.C.1. Fees will be payable on completion of the application form. 


rhe official Janguages of the Congress will be English, French, Spanish, Italian 


d Portuguese. Summaries of papers should be submitted in English or French. 
rhe official Travel Agents for the Congress will be the American Express Agency. 
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